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INTRODUCTION

The mission of the Goddard Space Flight Center (GSFC) is to serve as a national resource for
discovery in Earth Science, Space Science, and Technology Development. Thismissioniscarried
out through the use of scientific instruments, spacecraft, space shuttle attached payloads, sounding
rockets, balloons, satellite servicing, and supporting ground systems. To fulfill thismission GSFC
maintainsthe on-site capability to function asafull spectrum end-to-end research and devel opment
laboratory. Scientific missions can be carried out from concept, through design, manufacture, test,
and operations. GSFC is committed through its strategic institutional goals to maintaining and
upgrading GSFC's core infrastructure, laboratory facilities, and equipment to preserve the Center's
preeminenceasanational resourceand Center of Excellence. Thecapabilitiesprovided by the GSFC
Environmental Test and Integration Facilities are akey element to realizing this goal.

The GSFC Environmental Test and Integration Facilities are managed by the Applied Engineering
and Technology Directorate's Mechanical Systems Center to provide environmental test capability
that ensures spacecraft and flight experiments will withstand the rigors of launch and will operate
properly in the space environment. Integration and test programs al so have the long-range goals of
advancing the state-of-the-art of environmental testing and aiding in the development of improved
gpace flight systems. The GSFC Environmental Test and Integration Facilities are one of the most
complete and comprehensive complexes within the United States Government.

Thishandbook explains Goddard's Environmental Test and Integration capabilitiesand facilities. A
layout map of GSFC, showing the building locations of these facilities, appears on the following
page. Included asan Appendix isaUser’ sGuidethat lists Organizational Contactsand explainshow
to obtain servicesfrom the Mechanical Systems Center Environmental Test and Integration Branch
at Goddard.

Further information on Goddard's facilities and capabilities can be obtained from:

Assistant for Operations
Code 540

Goddard Space Flight Center
Greenbelt, Maryland 20771
(301) 286-8747
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1.0 ENVIRONMENTAL TEST ENGINEERING SERVICESAND FACILITIES

1.1 CAPABILITIES

The Environmental Test Engineering And Integration Branch provides facilities, instrumentation,
data analysis, and test engineering of spacecraft, instruments, and components for environments
induced by ground handling, launch, poweredflight, and orbital operation. TheBranchal so conducts
mass property, magnetic, and electromagnetic compatibility measurements that are required for
determining spacecraft performance. TheEnvironmental Test Engineering and I ntegration Branch's
functionsinclude three environmental test disciplines as follows:

Structural Dynamics: Vibration
Acceleration
Acoustic
Mechanical and static load
Mass properties and spin balance
Modal survey
Data analysis (flight and ground data)

Electr omagnetics: Electromagnetic compatibility
Magnetic

Space Simulation: Thermal/vacuum
Solar simulation
Leak detection

Molecular contamination monitoring
Temperature/humidity control

Detailsof environmental test facilitiesand their capabilitiesare described in thefollowing sections.
Facilities are equipped with state-of-the-art computer network capabilities. Connections for
Ethernet (LOBASE2,10BASET and 100BA SET) with accessto the INTERNET and Point-to-Point
Fiber Optics are available.



1.2 STRUCTURAL DYNAMICS
1.2.1 VIBRATION FACILITY

GENERAL: The Vibration Laboratory provides all necessary services and equipment to perform
shock and vibrationtesting of spacecraft and subsystems. Digital control systemsprovidesinusoidal,
random, and transient waveform control to four separate electrodynamic exciters. Dataacquisition
systems condition and record accel erometer, force, and strain gage signals. A small machine shop
with drill press, milling machine, and band saw is used for simple fixture fabrication.

CONTROL SYSTEM: Digital vibration control systemsprocessfrom 1to4 accel erometer signals
and control on the minimum, maximum, rms, or average of thesignals. A redundant accel erometer
is always connected to an Unholtz-Dickie 123 vibration monitor limiter that has selectable
acceleration and displacement limits for overtest protection.

CONTROL SYSTEM SINE & RANDOM PARAMETERS

VIB PARAMETER SINE RANDOM
Freguency range: 5Hzto 2 KHZ 10 Hz to 2 KHz
Output dynamic range: 72 dB 60 dB
Sweep rate, linear: 1 to 1,000 Hz/second N/A
Sweep rate, log: 1 to 8 octave/minute N/A
Break points per spectrum: up to 99 up to 99
Loss of signal protection: Automatic shut down Automatic shut down

CONTROL SYSTEM TRANSIENT WAVEFORM PARAMETERS

i Half-sine, sawtooth, triangular, trapezoidal, and user-
Pulse types: defined
Pulse amplitude: 0.1 to 10,000 g (limited by exciter capability)
Pulse duration: 0.5 to 1,000 milliseconds

VIBRATION EXCITERS: Ling B-335 (2 each) and MB C-220 (2 each) exciters are located on
isolated seismic blocks. Payloads up to 227 Kg (500 |b) are tested on the Ling B-335 exciters, and
up to 4,082 Kg (9,000 Ib) are tested on the MB C-220 exciters.

The Ling B-335 exciters share acommon test cell, with one set up for vertical and the other set up
for lateral testing. The lateral exciter drives a Team 1830 lateral dlip table. An 1,814 Kg (2 ton)
monorail crane services both exciters.

EachMB C-220exciter islocatedinitsowntest cell, serviced by itsown 6,804 Kg (7.5 ton) overhead
bridge crane.



VIBRATION CONTROL SYSTEM

MB C-220 EXCITER #1



VIBRATION EXCITER & TEST CELL PARAMETERS

PARAMETER LING B-335 MB C-220
Sine vector - 78 K-newton Sine vector - 156 K-newton
Force ratina: (17,500 Ibf) (35,000 Ibf)
g Random rms - 53 K-newton Random rms - 110 K-newton
(12,000 Ibf) (24,700 Ibf)
Exciter power A single Unholtz-Dickie SA120 PA | A single Ling 8096 PA (192 KVA) drives
amplifier: (60 KVA) drives either exciter either exciter

Displacement limit:

2.5cm (1.0") double amplitude

2.5cm (1.0") double amplitude

Velocity limit:

178cm/second (70"/sec)

178cm/second (70"/sec)

Frequency range:

5Hzto 2 KHz

5Hzto 2 KHz

Centers up to 907 Kg (2,000 Ib) via
pneumatic system

Centers up to 2,268 Kg (5,000 Ib) via integral
electrical system

Payload vertical
centering: Centers up to 4,536 Kg (10,000 Ib) via
auxiliary airstroke actuator suspension system
Team 1830 lateral dlip table Exciter #1: 127cm L x 127cm W (50" x 50")
74cm L x 51cm W (29" x 20") Team 483 table with 16 integral bearings
Lateral dlip table: connected to the lateral exciter

Exciter #2: 178cm L x 168cm W (70" x 66")
dip plate on 9 separate Team bearings

Test cell dimensions:

11.3m L x 4.6m W x 4.9m H
(37 x 15 x 16)

8.8m L x 8.2m W x 15.5m H
(29' x 27 x 51

Crane capacity:

1,814 Kg (2 ton) monorail crane

6,804 Kg (7.5 ton) bridge crane

Access doors:

25mW x 4.9mH (83" x 16')

Upper door: 4.9m W x 9.0m H (162" x 29'5")

Lower door: 2.5m W x 4.9m H (83" x 16

Cleanroom capability
(when required):

Payload can be bagged in special
plastic with a purge system.

Payload can be bagged in special plastic with
a purge system. Exciter #1 test cell can be
operated as a class 10,000 cleanroom, but
requires funding and extra time to clean and
certify it before a test.

VIBRATION UPGRADE: A planned upgrade for the facility is scheduled for the spring of 2001. A

new Unholtz-Dickie Model T4000 exciter will replace the existing MB C-220 exciter #1 and be con-

nected to the existing Team 483 lateral table. The new shaker will have the following specifications:
Forcerating: 178 K-newton (40,000 |bf) peak sine

178 K-newton (40,000 Ibf) rms random

Unholtz-Dickie Model 2XSA1120 (240 KV A expandable)

5.1cm (2.0") double amplitude

178cm/sec (70" /sec) upgradeable to 216cm/sec (85" /sec)

2 Hzto 2,000 Hz

1,361 Kg (3,000 Ib) viainternal pneumatic vertical load support

Power amplifier:
Displacement limit:
Velocity limit:
Frequency range:
Payload centering:



MB C-220 EXCITER #2

LING B-335 EXCITERS



1.2.2 SIX DEGREE OF FREEDOM SHAKER FACILITY (Under Development)

DESCRIPTION: Thesix degree of freedom shaker facility consists of a Team Corporation Tube
€l ectro-hydraulic shaker system mounted on anisolated seismic block and an LM S TimeWaveform
Replication control system.

The Team shaker consists of acylinder, 127cm (50") in diameter, approximately 127cm (50") high.
The cylinder is supported internally by six integrated hydraulic shakers. Each shaker is coupled to
thetablethrough hydrostatic pad bearingsthat are designed to uncoupleall degreesof fredom except
axial trandation. Thesystemisthereforeatruekinematic suspension. Each shaker isfreeto operate
independently of the others.

The LMS Time Waveform Replication control system is used to compensate for the waveform
distortion characteristic that is present in this, and all other, hydraulic vibration systems. The open
loop control system starts with a desired accel eration time history waveform at the shaker/payload
interface and pre-compensates the drive signal to each shaker so the resulting motion at the shaker/
payload interface conformsto the specified time history. Theinitia pre-compensated drive signals
aresenttotheshakers, andtheaccel erationresponseat the shaker/payl oad interfaceismeasured. The
measured response is compared to the desired waveform and an error function is calculated. The
drive signal isthen adjusted based on thiserror function. Thisprocessisrepeated until the resultant
motion at the shaker/payload interface is acceptable.

APPLICATIONS: Thesix degree of freedom shaker system has many potential applications. It
can be used to perform conventional single-axis tests with the advantage of needing to handle and
set up the test item only once to complete a 3-axistest. The system can be used to perform multi-
degree of freedom testing such as a combined trandational and rotational test. The facility also
provides a good platform for performing base-excited modal tests.

PARAMETERS:. Six degrees of freedom: Three orthogonal in translation and three rotational
(pitch, roll, yaw). The six hydraulic shakers are configured so that three are vertical and three are
horizontal (inadeltaconfiguration). Frequency rangeto 200 Hz; tabledisplacementsto5.1cm (2.0")
in tranglation and 0.12 radians in rotation; 15K1b-ft moment capacity; velocity 76.2cm/sec (30 in/
sec). The piston area of each integrated shaker is 14.65cm? (2.27in2.) Thisresultsin apeak or stall
forceof 50.5K-newton (11,3501bf) per actuator at 34.5 M pa(5,000 psi) operating pressure. Thesine
forceisrated conservatively at 33.4 K-newton (7,500 Ibf.) Thethreevertical shakersprovideatotal
force of 100 K-newton (22,500 Ibf.) The three horizontal shakers combine their respective forces
as a vector sum so the maximum horizontal force is 58.3 K-newton (13,100 Ibf) in one horizontal
direction, and 67.2 K-newton (15,100 Ibf) in the other. The shaker table weighs 621 Kg (1,3701b.)
The maximum sinusoidal acceleration is therefore 16.5g in the vertical direction, 11.0g in one
horizontal direction, and 9.5g in the other horizontal direction.



SIX DEGREE OF FREEDOM SHAKER FACILITY PARAMETERS

Force rating (sinusoidal):

100 K-newton (22,500 Ibf) vertical
67.2 K-newton (15,100 Ibf) lateral
58.3 K-newton (13,100 Ibf) longitudinal

Displacement limit:

5.1cm (2.0") double amplitude

Velocity limit:

76.2cm/sec (30"/sec)

Frequency range:

2-200 Hz

Shaker payload mounting area:

127cm (50") diameter

Test cell dimensions:

44mL x 44mW x 4.5m H (146" x 14'6" x 14'9")

Crane capacity (monorail):

1,814 Kg (2-ton)

Hook height:

4.5m (14'9") to floor
3.0m (10" to topside of shaker

=

SIX DEGREE OF FREEDOM SHAKER




1.2.3 DIGITAL DATA ACQUISITION FACILITY

DESCRIPTION: TheDigital DataAcquisiton Facility providessignal conditioning, recording, and
data analysis capabilities for transducers used in vibration, acoustic, pyroshock, and other types of
testson-siteat GSFC or at remotefield sites. Therearethree systemscurrently availablefor use: the
Digital Data Acquisition System (DDAS), the Digital Data Acquisition and Processing System
(DDAPS), andtheportableHP3565 System. All three systemsaretransportable, sothey canbetaken
anywhere that measurements are needed.

A) DDAS: The Digital Data Acquisition System is a high frequency, multi-channel dynamic
dataacquisition system that has been designed specifically to support vibration, acoustic, and modal
survey testing. The modular system can be configured to support more than onetest at atime. The
system has the following characteristics:

» Threefront end racks.

» Eachrack consists of 64 channels of signal conditioning, anti-aliasing filters, program-
mable gain amplifiers, analog-to-digital converters, and hard disk storage.

» Each channel can accommodate either up to = 5 volts full scale or integrated circuit
piezoelectronic (1CP) inputs.

» Each rack is controlled remotely by a workstation via Ethernet. Commands are
transmitted to the individual modules from the workstation using TCP/IP.

» Dataacquisitionisinitiated by command. Once dataacquisitionisinitiated, therack is
capable of operating independently of the workstation, acquiring data until the desired
amount is collected.

» During dataacquisition, up to 16 channels at atime of real-time data can be transmitted
to the workstation or X-terminal for display.

* The recorded data is transmitted to the workstation for processing using VAMP
(Vibration Acoustic Modal Processor) software system. Off-linearchiving of thedatais
accomplished by rewritable optical disks.

» Each rack can record 64 channels at 8,192 samples/second, 32 channels at 16,384
samples/second, 16 channelsat 32,768 sampl es/second, or 8 channelsat 51,200 samples/
second for 15 minutes.

Alpha
Workstation
Laser
Printer
Ethernet
Front-end Front-end
Rack Rack
(11T . Tl HEIEEEER
Transducers Transducers

DDASBLOCK DIAGRAM



B) DDAPS (Proposed New System): The Digital Data Acquisition and Processing System
isahigh frequency, multi-channel dynamic data acquisition system that has been designed
specifically to support vibration, acoustic, and modal survey testing. It issimilar to the DDAS
system, but can also process and display the data stream in real-time. The modular system can
be configured to support more than one test at atime. The system has the following characteris-

tics:

One front-end rack (may be expanded.)

Each rack consists of 64 channels of signal conditioning, anti-aliasing filters, anal og-
to-digital converters, and hard disk for data storage.

Each channel can accommodate either voltage up to + 5 volts full scale or integrated
circuit piezoelectronic (ICP) inputs.

Each rack is controlled remotely by the main workstation via Ethernet. Commands
are transmitted to the individual modules from the main workstation using TCP/IP.
Data acquisition can beinitiated either by command or triggered by signal level.
Once data acquisition isinitiated, the rack is capable of operating independently of
the workstation, acquiring data until the desired amount is collected.

During data acquisition, up to 16 channels at atime of real-time time-history data
may be transmitted to the main workstation or X-terminal for display.

In addition, up to 16 channels at atime of real-time processed data can be transmitted
to one or more monitor stations via Ethernet.

Real-time processing includes power spectral densities, frequency response functions,
and shock response spectra.

The recorded data is transmitted to the main workstation for archiving. Off-line
archiving of the data is accomplished by rewritable optical disks.

Each rack can record 64 channels at a maximum sampling rate of 51,200 samples/
second/channel for 15 minutes.

Main
Workstation
Laser
Printer
Ethernet
Front-end Front-end Monitor
Rack Rack Station
(11T Tl HEIEEEER
Transducers Transducers

DDAPSBLOCK DIAGRAM



(03] HP3565: The Hewlett-Packard 3565 signal analyzer is a high frequency, 16-channel
dynamic signal analyzer system that has been designed specifically to support small vibration,
acoustic, and modal survey tests. The system can be configured to acquire either time-histories
or frequency analyzed results. The system has the following characteristics:

» Two front-end systems.

» Each front-end consists of 8 channels of signal conditioning, anti-aliasing filters,
analog-to-digital converters, and hard disk for data storage. Two front-ends can be
combined into a single 16-channel system.

» Each channel can accommodate either voltage up to £ 5 volts full scale or integrated
circuit piezoelectronic (ICP) inputs with the addition of an external conditioner.

» Each front-end is controlled with alap-top or desk-top computer with an HPIB
interface.

» Dataacquisition can be initiated either by manual or signal level triggering.

* Real-time processing includes power spectral densities and 1/3-octave spectrums.

» The system can record 16 channels with signal frequency from DC to 12.8 KHz for 1
minute, DC to 250 Hz for 1 hour, and various combinations in between.

DIGITAL DATA ACQUISITION SYSTEM (DDAYS)
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1.2.4 DATA REDUCTION LABORATORY

DESCRIPTION: The Data Reduction Laboratory digitizes analog signals or translates digitally
recorded signals, and analyzesthe datato produce plotsin auseableform. Inadditiontothestandard
analyses of power spectral densities and frequency response functions, customized analysis can be
performed such as filtering and relative displacements cal culations.

DIGITAL DATA ACQUISITION: The equipment described earlier in the section entitled,
"DIGITAL DATA ACQUISITION FACILITY" can be used for acquisition if the dataisin analog
form. A Sony AIT Tape Driveisavailableto record and play back lengthy time histories. A PCM
decoder is also available.

ANALOG DATA PLAYBACK: The Reduction Laboratory has Honeywell Model 96 tape
recorders that can be configured for FM, FM Multiplex, PCM, or direct playback or recording.

DATA ANALYSIS: Dataanalysisisperformed onan AlphaServer 2100 named, "dynalpha." Data
istransferred from the acquisition systemsusing Ethernet. |-DEAS Test Data Analysis Softwareis
used for most data processing. MATLAB software is also available for data analysis and
manipulation. There are C++ and FORTRAN compilers available for special application develop-
ment.

DATA COMMUNICATION: Dataiscommunicated among the systemsin the Data Reduction
Lab, Digital DataAcquisiton Facility, and user desk-top computersusing Ethernet. The"dynalpha’
computer is used as an anonymous FTP site for data transfer to outside activities. Data can be
transmitted as I-DEAS Universal Files or Spreadsheet Text Files.

Test Date: 29-JUL-99
Project: HST/ORUC Acoustic Test W/D: 0960 29JUL99 Test Time: 11:56:24 Notes:
Max/Min Values:
x=48.0 y=0.015496
x= 0.0 y=4.10E-6
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Resolution: 4.0 Hz Response Ch: 7

Run-02 Random 142db Sample Freq: 8192.0 samples/sec
Position:  COPE Bay B SSR (22Y-) Low Pass Filter Freq: 2500.0Hz

SAMPLE DATA ANALYSISPLOT - AUTOSPECTRAL DENSITY
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1.2.5 TRANSDUCER CALIBRATION LABORATORY

DESCRIPTION: This laboratory calibrates piezoelectric, piezoresistive, servo, and strain gage
typeaccelerometers. It containsan Unholtz-Dickiecalibration control systemwithal.33 K-newton
(300 Ib) force capacity exciter, and a Gyrex compound centrifuge.

MODE OF OPERATION:

U-D Cdlibration System: Transfer standard referenceaccel erometersthat aretraceabletothe
National Institute of Standards and Technology (NIST) are used to determine the sensitivity of the
U-D exciter reference accelerometer. Universal fixturesare used to mount unknown accelerometers
on the exciter in aback to back configuration with the reference accelerometer. Automatic plots of
the unknown accel erometer sensitivity versus frequency are produced by the calibration system.

Gyrex Compound Centrifuge: Servo-type, DC-responsive accel erometersare calibrated on
the U-D system, and then used to cross check centrifuge acceleration parameters. Absolute g level
is determined by measuring the radius to the center of gravity of the unknown transducer and using
a digital frequency counter to adjust the centrifuge RPM levels to calculated values. For low
frequency (1 Hzto 10 Hz) calibrations, theaccel erometer ismounted on thecompound rotating table.

PARAMETERS:
Parameter U-D Calibration System Gyrex Centrifuge
Acceleration: up to 759 up to 80g
Freguency range: 5Hzto5KHz Oto 10 Hz
Displacement/radius 1.78cm (0.7") double amplitude 20cm to 28cm (8" to 11")
Calibration accuracy: + 3% overal system + 5% overall system
Transducer size/weight: up to 15cm (6") cube/0.9 Kg (2 1b) | up to 8cm (3") cube/2.3 Kg (5 Ib)

DATA ACQUISITION: For both systems, one transducer at atimeis calibrated. Multiple-axis
transducers are calibrated one axis at atime. Digital voltmeters, X-Y plotters, and oscilloscopes
display thetransducer output signals. Cablesinterconnect the Transducer CalibrationLabtotheData
Reduction Lab to facilitate special analysis techniques.
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UNHOLTZ-DICKIE CALIBRATION SYSTEM
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1.2.6 TRANSDUCERS

DESCRIPTION: The Structural Dynamics Section uses a variety of transducers to measure
different environmental parameters. Thetablebelow liststypical transducer typesalong withtypical

specifications:

Transducer Type Par ameter Typical Specifications
Accelerometer, piezoelectric acceleration 0 to 5,000g, 1Hz to 5KHz
Accelerometer, servo/resistive acceleration 0 to 50g, DC to 1KHz

Displacement (LVDT)

linear displacement

0to 20.3cm (8")

Force gauge force 0 to 99,680 newton (22,400 Ib force)
Load cell load (weight) 0 to 45,360 Kg (100,000 Ib)
Microphone sound pressure level Oto175dB

Proximity sensor

linear displacement

0to 0.25cm (0.1")

Vibrometer, scanning laser

Strain gage strain 0 to 1,270 microns (50,000 microinch)
Torque wrench transducer torque 0 to 746 newton-meter (550 ft-1b)
Vibrometer, single point laser velocity DC to 300 KHz; 0.001 to 1,000mm/second

ACCELEROMETERS
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127 BOLT ANALYZER

DESCRIPTION: The Bolt Analyzer is a portable, lap-top computer based sytem designed to
measure various characteristics of bolts and bolted joints. Both Metric and English bolts can be
measured. The analyzer instantly provides three important parameters: 1) torque factor (or
friction) for virtually any bolted joint, 2) preload (or clamping force) in the bolt, and 3) torque.

MODE OF OPERATION: The Bolt Analyzer uses the industry standard formula:

T=KCD
where T =torque
K = torque coefficient (mostly friction)
C =Bolt preload (clamping force)
D = bolt nominal diameter

Torgue and load data are measured real time during bolt torque-up. Torque coefficient is com-
puted real time. Data points are stored as a function of bolt load and torque.

INTEGRAL INSTRUMENTATION: A variety of Wheatstone bridge type torque transducers
and clamping force transducers are used to make real time measurements. National Instruments,
Inc. analog-to-digital signal conditioners convert the transducer signals so they can be processed
and stored on the lap-top computer.

PARAMETERS:
Bolt size capability: 3mm to 25mm (Metric type)
0.112"to 1.0" (English type)
Torgue measurements: up to 678 newton-meter (500 ft-1b)

Clamping measurements: up to 27,216 Kg (60,000 Ib)

DATA ACQUISITION/ANALY SIS: Data points can be read directly from the computer
screen. Tabulated datain the form of hard copy spread sheets can be prepared for each test run.

BOLT ANALYZER OPERATION
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1.2.8 ACOUSTIC TEST FACILITY

DESCRIPTION: The Acoustic Test Facility tests various sized scientific satellites, subsystems,
and components. It consistsof the reverberation chamber, acoustic horns, noise generators, control
console, and datahandling system. Thefacility can beoperated asaclean room (Class100,000) once
the payl oad accessdoorsareclosed and thefacility iscleaned. Ananteroomisused for changinginto
clean garments before entering the facility through the personnel door.

MODE OF OPERATION: Thesound pressurelevel withinthe chamber isadjusted totherequired
spectrum. Small and medium sized payloads are suspended on the crane hook at the center of the
chamber. Larger payloads are mounted on carts or fixtures. Four to eight control microphones are
placed around the payload a minimum of 0.3m (1.0") away.

Acoustic energy is generated by modulating the flow of GN, through the generators attached to the
horns. A freshair, forced ventilation system stabilizesthe chamber pressure during operation of the
facility and purges the chamber of GN, for safe entry after the test.

PARAMETERS:
Generators (3): 3-10KW, electro-pneumatic
Horns (3): 25 Hz exponential, 50 Hz hypex, 75 Hz exponential
Maximum SPL: 150 dB overall sound pressure level
Fregquency range: 25Hzto 10KHz

PHYSICAL CHARACTERISTICS:

Interior: 10.0mL x 82mW x 12.8mH (33 x 27' x 42)
Payload access: 4.92mW x 9.14mH (16'2" x 30"

Personnel door: 0.91mW x 1.98mH (3'x 6'6")

Crane capacity: 6,804 Kg (7.5 ton)

INTEGRAL INSTRUMENTATION: The software-based Acoustic Control System (ACS)
precisely control sthe spectrum of the sound pressure within the chamber inthereal-timemode. The
control system includesintegral equipment such asthe HP VXI hardware platform and associated
control software, control microphones, signal conditioners, power amplifiers, acoustic generators,
and horns. The ACSprovides100% digital control, without external bandpassfiltersor microphone
multiplexer.

DATAACQUISITION: Accelerometer, and straingagesignal sareconditioned and acquiredusing
theDigital DataAcquisition System (DDAS) inthe DataReduction Laboratory (DRL). Datasignals
aretransmitted from DDA Sfront-end equi pment | ocated at the A coustic chamber tothe DRL viathe
Ethernet. A CCTV isavailable for observing and recording the payload during the test.

16
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1.2.9 MASSPROPERTIESMEASUREMENT FACILITY (MPMF)

DESCRIPTION: The MPMF is used to measure the weight, center of gravity (CG), moment of
inertia(MOI), and product of inertia (POI) of large structural assemblies. Also, the facility can be
used to balance payloads statically and dynamically.

MODE OF OPERATION: Thebasic machinehasal.22m (4') diameter mounting table. A 3.1m
(10" table is also available for large payloads. The machine contains a spherical air bearing that
supports the measuring table and the test item. A control console is connected to the MPMF by
flexible cables and a GN, line.

A complete set of mass properties requires three separate setup configurations of the payload. This
requires special fixturing and a turnover facility or other equipment to handle the payload.

Weight Measurements: Thefacility ismounted on aPennsylvania 6600 scal e base platform (1.75m
L x 1.75mW x 0.1mH; 5.75' x 5.75' x 0.33") which givesan immediate digital readout of the weight
of the test specimen, regardless of its mounting position on the facility.

CG Measurements: Thestatic unbalance (CG offset) isdetermined by detecting the moment created
by a CG displaced from the measurement axis of the machine.

MOI Measurements. The MOl isdetermined by usingthefacility asaninverted torsional pendulum,
and measuring the period of oscillation about the geometrical axis of the machine.

POI Measurement: The POI (dynamic unbalance) is determined by rotating the payload on the
MPMF at several different speeds, and measuring the moment.

INTEGRAL INSTRUMENTATION: Instrumentation consists of the control console. The
control system measures the unbalance moment, period of oscillation, and table rotational speed.

FACILITY INTEGRATION: The MPMF is portable. It can be operated in cleanrooms, or
remotely operated in vacuum chambers at pressures down to 1.33 Kpa (10 torr).

18



PARAMETERS:

Parameter

Specification

Test weight:

up to 4,536 Kg (10,000 Ib)

Moment measurement range:

up to 3,390 newton-meter (30,000 in-Ib)

+ 0.15cm (0.06") for payload at 0.91m (3') above table and displaced
2.54cm (1") from vertical axis

CG capability:
+ 0.3cm (0.12") for payload at 3.1m (10") above table and displaced
2.54cm (1") from vertical axis

MOI accuracy: 1% of measured MOI

POI accuracy: 5% of measured POI

MPMF table speed: 0 to 200 RPM

Platform scale capacity: 9,072 Kg (20,000 Ib)

GN, flow rate: 0.17m3/minute (6.0ft¥minute) standard

MASS PROPERTIESMEASUREMENT FACILITY
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1.2.10 HIGH CAPACITY CENTRIFUGE FACILITY

DESCRIPTION: The High Capacity Centrifuge (HCC) simulates launch and landing loads on
spacecraft hardware. Primarily, payloadsareinstalled on atest platform at the end of the centrifuge
armthat hasan adjustabletilt fixture. Oninfrequent occasions, thepayloadisinstalledinacylindrical
test chamber at the other end. The HCC is driven by one or two 0.93 Mw (1250 hp) DC motors
operated in conjunction with amotor generator set. Controlled decelerationispossible by using the
drive motor(s) in aregenerative mode.

MODE OF OPERATION:

1 Use 6,804 Kg (7.5 ton) crane to position test article on test platform.

2) Use adjustable tilt fixture to orient test article at proper attitude and angle.

3) Alternatively, mount payload in test chamber by attaching test article to removable end cap.
4) Pick up and position end cap using loading vehicle, and attach it to test chamber.

PARAMETERS:
Chamber and Platform
Nominal test radius: 18.3m (60"
Maximum weight at 30 g: 2,268 Kg (5,000 Ib); Includes weight of payload + fixturing
Maximum test accel eration: 30.0g
Maximum speed: 30.0 RPM (1 motor)

38.3 RPM (2 motors)

PHYSICAL CHARACTERISTICS:

Platform dimensions: 3.66m W x 6.40m L (12' x 21")
Platform height (above floor): 1.52m (5)

Test chamber size: 3.66mdiax 6.71mL (12' x 22
Crane capacity: 6,804 Kg (7.5 ton)

Rotunda dimensions: 47.9m diax 8.23m H (157" x 27"
Slip Rings

I nstrumentation/control: 24 (5A) and 986 (1A)

Radio frequency: 6

Power: 30-100A @600V

CCTV system: 2

DATA ACQUISITION: Thefacility isserviced by theHewlett-Packard (HP) V X1 dataacquisition
system. Onboard the centrifuge arm, the V X1 mainframe unit providessignal conditioning and data
acquisition. Inthe HCC control room, the HP workstation provides test setup, instrumentation test
control, data display, and data storage. The system is capable of various combinations of 160
channelsof strain, deflection, and accel eration measurements. Also, CCTV and video recordersare
provided.
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1.2.11 UNIVERSAL STATIC TEST FACILITY

DESCRIPTION: TheUniversal Static Test Facility isastructural steel framework designed for the
application of static loads to large shuttle-sized test items and payload handling assemblies.

MODE OF OPERATION: Thetest item is mounted in the facility using a 31,752 Kg (35 ton)
overhead craneservicingthearea. Pre-drilled reaction beamsfacilitate set up and operations. Strain
gages and displacement transducers are installed and connected to the Hewlett-Packard (HP) V XI
dataacquisition system for monitoring. Hydraulic actuatorsand associated |oad monitoring devices
and load links areinstall ed between the structure and the test item. Loadsare applied tothetest item
viamanually-controlled hydraulic actuators. Removable structural membersallow for both ease of
test item installation and mounting of load application devices.

PARAMETERS: Thefacility isdesigned for the application of large |oads associated with shuttle
payloads. With somemodificationitiscapable of |loads of 36,288 Kg (80,000 1b). Thestructurecan
apply the following simultaneous test |oads:

Vertical load: Up to 11,794 Kg/beam (26,000 Ib), 2 beams total
Lateral load: Up to 18,598 Kg (41,000 Ib)

PHYSICAL CHARACTERISTICS:
Internal test envelope: 6.7mL x 4.6mW x 4.6mH (22' x 15' x 15)
Facility weight: 19,958 Kg (44,000 Ib)
Crane capacity: 31,752 Kg (35 ton), Building 29 overhead

DATA ACQUISITION: The facility is serviced by the HP VXI data acquisition system. The

system is capable of various combinations of 160 channels of strain, deflection, and load measure-
ments.
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UNIVERSAL STATIC TEST FACILITY
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1.2.12 SMALL STATIC TEST FACILITY

DESCRIPTION: TheSmall Static Test Facility isastructural test bed, designed for the application
of staticloadsto payload components, sub-assemblies, and associated handling and lifting hardware.

MODE OF OPERATION: A craneor other suitable handling method i sused to mount thetest item
inthefacility. Straingagesand displacement transducersareinstalled and connected to the Hewl ett-
Packard (HP) V X1 data acquisition system for monitoring. Hydraulic actuators and associated |oad
monitoring devices and load links are installed between the structure and the test item. Loads are
appliedtothetest item viamanually-controlled hydraulic actuators. Removablestructural members
allow for both ease of test item installation and mounting of 1oad application devices.

PARAMETERS. With minor modifications, the allowable loads can be increased as test
requirements dictate. The structure can apply the following simultaneous test |oads:

Vertical load: Up to 9,072 Kg (20,000 Ib)
Lateral load: Up to 36,288 Kg (80,000 Ib)

PHYSICAL CHARACTERISTICS:
Internal test envelope: 2.74mL x 2.74mW x 3.10mH (9' x 9' x 10"
Facility weight: 14,515 Kg (32,000 Ib)
Crane capacity: 6,804 Kg (7.5 ton), Building 15 overhead crane

DATA ACQUISITION: The facility is serviced by the HP VXI data acquisition system. The
system is capable of various combinations of 160 channels of strain, deflection, and load measure-
ments.

SMALL STATIC TEST FACILITY

24



1.2.13 UNIVERSAL LOAD TESTING MACHINES

DESCRIPTION: Two Tinius Olsen universal load testing machines are used for tensile and
compressive testing of small specimens, and for calibrating load cell transducers.

MODE OF OPERATION: Thetest specimen is attached to the crosshead using various types of
hardware; for example, clamps, threaded rods, friction grips, eye bolts, and plates. Both tensile and
compressive |l oads can be applied to the specimen, at acontrolled rate, viaahydraulic ram (Machine
#1) or amotor-driven crosshead (Machine #2).

PARAMETERS:
Machine #1 capacity: 0-54,432 Kg (120,000 Ib); + 1% accuracy
Machine #2 capacity: 0-27,216 Kg (60,000 Ib); + 1% accuracy

PHYSICAL CHARACTERISTICS:
Machine #1 test volume: 122cm L x 7lecm W x 107cm H (48" x 28" x 42")
Machine #2 test volume: 122cm L x 71lem W x 107cm H (48" x 28" x 42")

INTEGRAL INSTRUMENTATION: Machine#1 has adigital servo control and adigital load
readout. Machine#2 hasanal og control and ananalog dial |oad readout. Both machinescan produce
plots of deflection or strain versus applied load.

.

LOAD TESTING MACHINE #2
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1.2.14 MODAL SURVEY TEST FACILITY

DESCRIPTION: TheModal Survey Test Facility isused to measure dynamic response character-
isticsof aerospacestructures. Thefacility consistsof aseismicblock onwhichtestitemsaremounted
to simulate afixed boundary condition. A set of stanchions, mounted on the seismic block, provide
boundary constraints simulating those of the Shuttle payload bay. The facility is serviced by three
bridge cranes, which provide aconvenient method of supporting up to four el ectrodynamic shakers,
which are used to apply dynamic forcesto thetest item. The overhead structure which supportsthe
bridge cranesmay be used to suspend test itemsin afreely-supported test configuration. Thefacility
has been used to apply a step relaxation technique in order to excite low frequency modes with
significant energy.

The facility is supported by an instrumentation trailer, located adjacent to the seismic block. The
trailer contains signal conditioning and data acquisition systems aswell as shaker control systems.
Thetrailer is connected via Ethernet to the Data Reduction Laboratory.

MODE OF OPERATION: Thetestitemismountedinthefacility tosimulatethedesired constraint
conditions. Excitationforcesareappliedtothetestitem at oneor moredriving point locations. Force
gages are used to measure the excitation forces, while accelerometers are used to measure the
responseat selected locations. All of the measurement dataisacquired and storedinthetimedomain
format. Post test processing capabilitiesincludefrequency responsefunctions, coherencefunctions,
power spectra, etc. Modal parameters are obtained from various curve fitting algorithms which
attempt to analytically describe the measured test data.

INTEGRAL INSTRUMENTATION: Instrumentation accelerometers, force gages, large and
small impact hammers, large and small shakers, seismic accelerometers for floor surveys, signa
conditioners, and monitoring oscilloscopes for all data channels.

PARAMETERS:
Excitation type: random, sinusoidal, impact
Excitation load: 0t0 100 Kg (220 Ib)
Frequency range: 2Hzto 25 KHz
Resolution: 512 data points per frequency range
Shakers: Force: Small - 23 Kg (50 Ib); Large - 100 Kg (220 |b)
Impact hammers: Force Smdl - 0to 227 Kg (500 Ib); Large - 0t0 2,268 Kg (5,000 1b)

DATA ACQUISITION/ANALYSIS: Test dataisacquired by digitally sasmpling thetime domain
signals from the accelerometers and force transducers. Accelerometer channels are manually
switchedingroupsto acquireall of therequired response measurements. Following acquisition, test
dataisprocessed using varioustechniques. Onetechniqueusesthefast Fourier transformto compute
frequency response functions (FRFs). The FRFs, in turn, are curve fit using algorithms such as
complex exponential, poly reference, etc. Other techniques available include random decrement,
Ibrahim time domain and Eigenvalue realization algorithm.

26
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1.3 ELECTROMAGNETIC TEST
1.3.1 ELECTROMAGNETIC COMPATIBILITY TESTING

INTRODUCTION: Two anechoic shielded testing facilities are available for conducting electro-
magnetic compatibility (EMC) tests. These facilities meet electromagnetic performance require-
ments specified by MIL-STD-462, and support the performance of EMC tests specified by MIL-
STD-461 and the GSFC “Genera Environmental Verification Specification for STS & ELV
Payloads, Subsystems, and Components’ (GEV S). Both facilities provide very low interior noise
level ambient el ectromagnetic environmentsand the ability to containinternally-generated, radiated
electromagnetic waves. All electrical power, communications, and other facility wiring arefiltered,;
the facility structures are locally bonded to earth ground; and ventilation ducts and other apertures
are designed as waveguide-below-cutoff. Contamination-sensitive items are tested in the Large
EMC Facility (cleanroom), or they are bagged in non-reflective material sif tested inthe Small EMC
Facility, or provided with portable clean tents and blowers for a Class 10,000 environment.

INTEGRAL INSTRUMENTATION: Generated interference measurements are typically made
using aHewlett-Packard (HP) spectrum analyzer-based receiver system (HP8566B and 85865A) for
dataacquisition, processing, and datareduction. Associated el ectric and magneticfield antennasand
line conduction transducers are provided for testing in the 20 Hz to 18 GHz frequency range. The
receiver system iscontrolled by the HP 85869A EMI measurement software package. Special test
equipment is also availablefor testing from 18-40 GHz. Line conducted and radiated susceptibility
tests are performed using avariety of signal generators, amplifiers, and transducers or antennas for
injection and/or radiation of the test signals. Frequency range is 30 Hz to 400 MHz for signa
injection; 10 kHz to 18 GHz for signal radiation; and 18-40 GHz for special applications. Radiated
field strengths to 100V/m at 1 meter can typically be provided. Programmed swept frequency test
signals, appropriately modulated, are provided over portions of the test spectrum.

DATA ACQUISITION: Emissionstest dataisrecorded in aswept spectrum analog format on the
HP8566B and reducedtologarithmicversusfrequency printout, including aspecificationlimitwhen
applicable, by the HP 85869A EMI measurement software package. The combined HP 8566B and
85869A measurement system isused for radiated and conducted emi ssions measurements. Suscep-
tibility test datarelating to the susceptibility test signal can be time synchronized with the test item
performance test data which is typically recorded as a function of the type of ground support
equipment furnished with the test item. Failure modes are test project defined and susceptibility
threshol ds determined whenever the test item responds to the susceptibility test signal.

ELECTRICAL POWER: Testitem power isnormally provided by project-furnished, current and/
or voltagelimited power supplies. Testitem DC power (rechargeabl e battery) can be furnished upon
project request and guaranteesthat adequate test item protection isbeing provided — particularly as
line resonances can occur during conducted susceptibility tests. A 50 A-max/100 A-hour and a100
A-max/600 A-hour battery systemareavailableat 28+4VVDCand a2V increment upto 36V DC (600
A-hour unit.)

29



1.3.1.1 SMALL EMC FACILITY

DESCRIPTION: Thisfacility consistsof threecontiguousel ectromagnetically shielded enclosures
and an adjoining Computer Room. It is located in the basement of Building 7 in Room 8 and is
designedfor either small satelliteor sub-assembly tests. Theindividually shielded enclosuresinclude
the anechoic Test Room, the EM C Control Room, and a Ground Support Equipment (GSE) Room.
The Test Roomwallsand overhead are covered with ferritetiles and polyurethane wedge absorbers,
which provideaminimum of 20dB absorption of normally-incident, above20MHz, el ectromagnetic
waves. A 2.5m long, 1m wide, copper-clad, test item mounting bench and cable access panel are
located along/on the wall separating the Test Room from the GSE Room.

MODE OF OPERATION: Thetest articleisinstalled in the Test Room and bonded to either the
copper work bench or to thetest article holding fixture and themetallic floor. Interconnecting cables
between thetest article and itsground support equi pment are either connected through access panel -
mounted connectorsor viatwo cable ducts (9cm diameter). Project-furnished test article power line
break-out boxes are typically required.

PHYSICAL CHARACTERISTICS:

Experimenter’sarea: 4m (L) x 2m (W) x 3m (H)  Personnel door: 1m (W) x 1.7m (H)
Control room: 7.3m (L) x 3.7m (W) x 3m (H) Personnel door: 1.3m (W) x 2.1m (H)
Test arearoom: 5.5m (L) x 5m (W) x 3m (H) Equipment door: 2m (W) x 2.2m (H)

Test Area Anechoic Characteristics. Ferrite tiles and carbon-impregnated polyurethane wedge
blocks mounted on the interior walls of the test area combine to make the facility a broadband
anechoic chamber capabl e of absorbing el ectromagnetic waves over thefrequency range of 10 MHz
to 40 GHz. Field measurement accuracy isthereby enhanced compared to shield room facilitiesthat
lack the anechoic material, and radiated susceptibility test signals are controlled with improved
signal-to-noise ratios.

FireProtection: Fireprotectionisprovidedinthe Test Areausing retractable sprinkler heads and
an auto-cutoff ventilation system for toxic smoke exhaust to the outside of the building. Personnel
safety features include a radiation hazard warning and monitoring system. The facility is also
equipped with electrostatic discharge testing and prevention capabilities and a large copper test
bench for mounting and earth-bonding test items.
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1.3.1.2 LARGE EMC FACILITY

DESCRIPTION: Thisfacility islocated in the northwest corner of the Building 7 test laboratory
areaand includes the shielded, anechoic Test Enclosure Room 108A; the shielded Ground Support
Equipment (GSE) Room N117, the shielded EMC Control Room N115, and the unshielded Data
Reduction Room N115. Thefacility isdesigned for testing large satellites requiring ahigh level of
contamination protection and either Class 10,000 or Class 100,000 performance as specified for a
particular test article. Thisresultsin more efficient operations as air showers and full gowning of
test personnel isnot required asis necessary to sustain Class 10,000 operation. The Test Enclosure
consists of an outer standard modular shielded enclosure constructed of plywood paneling sand-
wiched by an inner and outer layer of galvanized steel and an excellent earth bond. Inside this
enclosure is a patterned ferrite tiled 20-1000 M Hz-effective anechoic enclosure which minimizes
electromagnetic wave reflections in this frequency range. Within this enclosure are four corner-
sectioned moveable microwave-absorber panels which are positioned so as to surround the test
article and provide a minimum 6.5m cubed actual test enclosure.

MODE OF OPERATION: The test article is instaled inside the ferrite enclosure with the
microwave absorber panels rolled back. Ground support equipment connections are made through
an access panel between the GSE Room and the Test Enclosure either by using awaveguide-bel ow-
cutoff cableduct, project-specific panel-mounted connectors, or aset of connectorsthat duplicatethe
thermal-vacuum chamber connectors (to allow commonality of cable harnesses). The EMC
instruments are al so connected through an access panel connecting between the Control Room and
the Test Enclosure and between the Control Room and the Data Reduction Room. Thetest article
is bonded to the metallic floor of the Test Enclosure and the earth bonding impedance and room
ambient electromagnetic noise are measured and required to be a minimum of 6dB below the test
frequency spectrum test limits.

PHYSICAL CHARACTERISTICS:

Test Enclosure Size: Expandable from basic 6.5m cubed. Max Height: 6.7m

Ferrite-Tiled Anechoic Enclosure Door Size: 6.5m (W) x 6.2m (H)

Ground Support Equipment Enclosure: Room Size: 6.7m (L) x 5.2m (W) x 3.2m (H
Door Size: 2m (W) x 2.5m (H)

SAFETY FEATURES: TheTest Enclosureisequippedwithflashingwarning lightsat all entrance
doorsto warn personnel not to enter whenever electromagnetic waves are being propagated within
theroom. Internal humidity and temperaturealarms, aswell asafirealarmand dry sprinkler system,
are aso features of thisfacility.
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1.3.2 MAGNETIC TESTING

INTRODUCTION: Theremotely located Magnetics Test Site contains two major coil systems,
6.7m (22') and 12.8m (42", used for magnetic testing of payloads ranging from fully-configured
spacecraft down to component level assemblies; and for calibrating torque coilsand magnetometers
in attitude control systems. Both facilities are 3-axis Braunbek coil systems consisting of 12 coils
(four coils for each of three orthogonal axes.) Each coil contains windings for Earth’'s field
cancellation, static and dynamic field generation, diurnal variation control, temperature gradient
compensation, external gradient compensation, and two sets of spare windings.

Control consolesfor both coil systems arelocated in a separate building apart from the coils. This
isolation prevents control equipment magnetic fields from degrading the specified magnetic
environment established within the Braunbek coils. For both coils, static and dynamic (0-100 rad/
sec) field vectors can be generated along any axis with magnitudes up to 60,000 nanotesla (nT.)

1.3.21 6.7M (22') COIL MAGNETIC TEST FACILITY

DESCRIPTION: The Magnetic Field Component Test Facility (MFCTF) contains a 6.7m (22)
diameter spherical coil system. Thissystem provides geomagnetic field cancellation within a0.9m
(3) diameter spheretolevelsdescribed below. Thiscoil systemisused primarily for testing smaller
satellites, performing instrument-level dipole moment measurements, and for calibrating magne-
tometers and attitude control systems.

MODE OF OPERATION: For atypical magnetometer test, azerofieldisestablishedinthe center
of the coilsbeforethetest unitisinstalled. A reference standard proton magnetometer isthen used
to calibrate the system. Following this, the test magnetometer is positioned on the platform at the
center of the coil and aligned to the coil axes. Finally, static and dynamic fields are generated to
establish the linearity, frequency response, zero offset, and alignment characteristics of the
magnetometer.

PARAMETERS:
Static Field Capability Dynamic Field Capability
Magnitude (each axis): + 60,000 nanotesla Magnitude (each axis): + 60,000 nanotesla
Resolution: * 0.1 nanotesla Resolution and stability: * 2%
Stability: + 0.5 nanotesla Frequency: 0 to 100 rad/sec
Homogensity: 0.001.% (0.91m, 3 dia
spherical volume)
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PHYSICAL CHARACTERISTICS:
Caoil access opening: 1.52mW x 1.52mH (5'x 5
Building access opening: 3.05m W x 3.05m H (10' x 10"

INTEGRAL INSTRUMENTATION: The MFCTF is equipped with instrumentation for the
calibration and alignment of magnetometers. This instrumentation includes fluxgate and proton
magnetometersfor zeroingand calibrating. A dataacquisition/analysissystemisavailabletoacquire
the magnetometer data, perform near field analysis, and produce a customer-ready report.
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1.3.2.2 12.8M (42') COIL MAGNETIC TEST FACILITY

DESCRIPTION: The Spacecraft Magnetic Test Facility (SMTF) 12.8m (42") coil systemisone of
the three known spherical coil systems of thissizein theworld. Its geomagnetic field cancellation
system s capable of cancelling the Earth’ smagnetic field within a1.83m (6") diameter sphere. The
SMTF also hasaset of 2.90m (9'6") diameter Helmholtz coilsavailablefor perming and deperming
spacecraft, and 1.22m (4') and 1.83m (6") diameter coilsfor magnetically cleaning smaller test items.

MODE OF OPERATION:

M agnetic Dipole Moment Testing: Zero field is first established in the center of the coil. A
reference standard proton magnetometer is used to calibrate the coils. For each measurement
sequence, thetest item and facility dolly are moved to the center of the coil. Asthedolly isrotated
360 degrees, three-component magnetic field datais obtained at 10-degreeincrements. Thedataare
then stored in the computer for immediate display and processing. |If the test item exceeds its test
limit, compensation magnets can be devel oped to reduce the dipole moment to acceptable levels.

Spacecr aft M agnetometer Calibration: Initia setupissimilar to magnetic dipolemoment testing.
The testitemispositioned in the center of the coil and aligned with the coil axes. Static and dynamic
fields are generated to establish linearity, frequency response, zero offset, and alignment character-
istics of thetest item. The data system can be used to collect, store, and display test parameters.

PARAMETERS:
Static Field Capability Dynamic Field Capability
Magnitude (each axis): + 60,000 nanotesla Magnitude (each axis): + 60,000 nanotesla
Resolution: + 0.1 nanotesla Resolution and stability: + 2%
Stability: + 0.5 nanotesla Frequency: 0to 100 rad/sec
Homogeneity: 0.001% (1.83m, 6' dia
spherical volume)

PHYSICAL CHARACTERISTICS:

Cail access opening: 3.05m W x 3.05m H (10' x 10"
Building access opening: 427mW x 4.57mH (14' x 15
Hoists lifting capacities (4): 4,536 Kg (5ton), 2,722 Kg (3 ton), and two each 2,268 Kg (2.5 ton)

INTEGRAL INSTRUMENTATION: The SMTF is equipped with single and triaxial magneto-
meters, proton magnetometers, torquemeter, and data collection instrumentation. It contains the
three Helmholtz coils described above, with their associated AC and DC power supplies.
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DATA ACQUISITION: Anarray of three state-of-the-art triaxial fluxgate magnetometersisused
for magnetic field testing. A field mapping of the test item is performed, the resultant data is
automatically provided asinput into the facility’ s“ near field analysis’ software, and an equivalent
dipole moment is calculated. Measurements are taken for various magnetic field conditions
including: perm, deperm, induced and stray field (test item powered) measurements.

.#II. ’.

12.8M (42') COIL MAGNETIC FACILITY
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1.4 SPACE SSIMULATION TEST ENGINEERING

INTRODUCTION

This section provides a summary of the environmental capabilities and dimensions of the test
facilities of the Space Simulation Test Engineering Section. The test facilities are operated and
monitored 24-hours per day by operators.

It should be noted that the test volume measurements of each facility are the nominal dimensions of
the thermal shroud, unlessthereis no shroud, and that the evacuation times are for aclean, dry and
empty chamber. These data indicate the maximum capabilities of a facility. Lesser levels and
decreased rates can be accomplished to accommodate payload requirements.

BUILDING 7 THERMAL VACUUM CHAMBERS VIEW
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141 CAPABILITIESSUMMARY (Sl UNITYS)

FACILITY NOMINAL SPECIFICATIONS (Sl UNITYS)
Test Operating
Volume Pressure Temperature Unique
Type Number (meters) (pascal) Range (° C) Capabilities
Temperature 204 0.51 x 0.31x 041 Ambient -180 to 200
Temp/Humid 232 122 x1.22x 1.22 Ambient -80 to 150 Humidity 15% to 95% RH
. ) Cryopump, Turbopump, C/F,
225 2.74 Dia. x4.27L | <133 ppa 190 to 150 TQCM, RGA
237 213 Dia x 244 L <67 ppa -190 to 100 C/F, TQCM, RGA
238 3.40 Dia. x 4.32 H <67 ppa -190 to 100 Cryopump, C/F, TQCM, RGA
Thermal 239 2.13 Dia. x 244 L <67 ppa -190 to 100 Cryopump, C/F, TQCM, RGA
Vacuum 240 0.91 Dia.x 091 L | <13.3 ppa -140 to 110 C/F, TQCM, RGA
241 0.91 Dia. x 091 L | <13.3 ppa -140 to 110 Cryopump, C/F, TQCM, RGA
243/244 0.61 Dia. x 0.61 H <67 ppa -190 to 100 C/F, TQCM, RGA
281 0.91 Dia. x 1.22 L | <13.3 pypa -150 to 150 Cryopump, C/F, TQCM, RGA
290 8.23Dia. x 122 H | <13.3 ppa -180 to 100 8 Cryopumps, 1 Turbopump
Rapid 208 NA 1.33 pa NA _Rough_ down Fecilities 237 & 239
Pump Down in 2 minutes
201 NA NA -140 to 140 GN, Transfer medium, circulating
Thermal 205 NA NA -100 to 100 GN, Transfer medium, single pass
Conditioning
Units 207 NA NA -100 to 100 GN, Transfer medium, single pass
230 NA NA -150 to 150 GN, Transfer medium, circulating
Heater 242 NA NA -100 to 100 Electrical heater controller
Racks 315 NA NA -200 to 200 Electrical heater controller
Solar 211 NA NA NA 6lcm dia, 1 SC
Simulator
Portable 213 NA NA NA 33cm dia, 1 SC
Emergency 253 NA NA NA 250 KVA, 480V, 3-phase
Power 254 NA NA NA 500 KVA, 480V, 3-phase
High Press 257 NA NA NA 13.8 Mpa
GN, 258 NA NA NA 13.8 Mpa
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141 CAPABILITIESSUMMARY (ENGLISH UNITYS)

FACILITY NOMINAL SPECIFICATIONS (ENGLISH UNITS)
Test Operating
Volume Pressure Temperature Unique
Type Number (feet) (torr) Range (° F) Capabilities
Temperature 204 167 x1.00x 1.34 Ambient -292 to 392
Temp/Humid 232 4x4x4 Ambient -112 to 302 Humidity 15% to 95% RH
. Cryopump, Turbopump, C/F,
7 -
225 9Diax14L <10 310 to 302 TOCM, RGA
237 7Dia x 8L <5 x 107 -310 to 212 C/F, TQCM, RGA
238 11Dia x 14 High <5 x 107 -310 to 212 Cryopump, C/F, TQCM, RGA
- . _
Thermal 239 7Dia. x8L <5x 10 310 to 212 Cryopump, C/F, TQCM, RGA
Vacuum 240 3Diax3L <107 -220 to 230 C/F, TQCM, RGA
241 3Diax3L <107 -220 to 230 Cryopump, C/F, TQCM, RGA
243/244 2 Dia. x 2 High <5 x 107 -310 to 212 C/F, TQCM, RGA
281 3Diax4L <107 -238 to 302 Cryopump, C/F, TQCM, RGA
290 27 Dia. x 40 High <107 -292 to 212 8 Cryopumps, 1 Turbopump
Rapid 208 NA 102 NA _F\’ough- down Facilities 237 & 239
Pump Down in 2 minutes
201 NA NA -220 to 284 GN, Transfer medium, circulating
Thermal 205 NA NA -148 to 212 GN, Transfer medium, single pass
Conditioning - -
Units 207 NA NA -148 to 212 GN, Transfer medium, single pass
230 NA NA -238 to 302 GN, Transfer medium, circulating
Heater 242 NA NA -148 to 212 Electrical heater controller
Racks 315 NA NA 32810392 | Electrical Heater Controller
Solar 211 NA NA NA 24" dia, 1 SC
Simulator
Portable 213 NA NA NA 13" dia, 1 SC
Emergency 253 NA NA NA 250 KVA, 480V, 3-phase
Power 254 NA NA NA 500 KVA, 480V, 3-phase
High Press 257 NA NA NA 2,000 psi
GN, 258 NA NA NA 2,000 psi

40




142 TEMPERATURE - HUMIDITY
1.4.2.1 0.057M3 (2FT3) TEMPERATURE CHAMBER (FACILITY 204)

DESCRIPTION: This facility is a small temperature controlled chamber used for thermal
conditioning of small components. The portable chamber |oads through a front opening door that
hasaviewingwindow. Theinstrumented payloadisinstalledinthechamber withno special handling
or mounting fixtures, and is connected to the ground support equipment via a port.

MODE OF OPERATION: Thechamber iscooled with liquid nitrogen and heated with el ectrical
resistance elements.

PARAMETERS:
Temperature range: -180°C to 200°C (-292°F to 392°F)
Heating capacity: 510 watts
Cooling capacity: 100 watts at -150°C (-238°F)
Accuracy: +5°C (£ 9°F)

PHYSICAL CHARACTERISTICS:

Test volume: 0.51mW x 0.31mH x 0.41mL (20" x 12" x 16")
Access port size: 6.35cm diameter (2.5")

Viewport size: 20cm x 20cm (8" x 8")

Power: 120 VAC, 1 phase, 20 amperes

INTEGRAL INSTRUMENTATION: Temperature and humidity are controlled by a digital
programmer/controller located on the side of thechamber. Eighteenthermocouplesareavailablefor
payload monitoring.

il IS
=

TEMPERATURE CHAMBER (FACILITY 204)
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1.4.2.2 1.81M?*(64FT% TEMPERATURE - HUMIDITY CHAMBER
(FACILITY 232)

DESCRIPTION: Thisfacility isamedium-sized chamber used for thermal and humidity cycling
of medium-sized test items. A full-opening, hinged front door with awindow allowsfor accessand
viewing.

MODE OF OPERATION: Thetest itemisinstalled in the chamber and connected to an externa
power source and data acquisition equipment via an access port. After ambient functional checks
are completed, electrical heaters warm, and a cascade refrigeration system coolsthe air stream. A
separate cooling unit providesdehumidification, and an el ectrically heated vapor generator provides
humidification. Thepreferred procedureisto operatethechamber with ahot cyclebeforedecreasing
the temperature below 4°C (39°F). A dry nitrogen purge system regul ates humidity in the chamber
to prevent frost build-up on thetest item. Fiveintegral gloves are provided in the front door of the
chamber for "glove box" type testing of mechanisms, etc.

PARAMETERS:
Temperature range: -80°C to 150°C (-112°F to 302°F)
Humidity range (RH): 15% to 95% (between 85°C (185°F) max and 4°C (39°F) min dewpoint)
Heating capacity: 18 Kw
Cooling capacity: 22 Kw

PHYSICAL CHARACTERISTICS:

Test volume: 1.22mW x 1.22mH x 1.22m L (4'x 4'x 4)
Viewport size: 61cm x 61cm (24" x 24")
Access port size: 15.2cm inside diameter (6")

INTEGRAL INSTRUMENTATION: Temperature and humidity are controlled by a digital
programmer/controller located on the side of thechamber. Eighteenthermocouplesareavailablefor
payload monitoring.

TEMPERATURE - HUMIDITY CHAMBER
(FACILITY 232)
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143 THERMAL VACUUM
1431 3.IM X 4.6M (10' X 15) THERMAL VACUUM CHAMBER
(FACILITY 225)

DESCRIPTION: Thisis a horizontal loading thermal vacuum test chamber used for thermal
vacuum and thermal balance testing, and baking out large test items. Electrical feedthroughs and
liquid and gas penetrations are provided at locations on the front, sides, and rear of the chamber. A
cleantent covering thedoor opening providesaClass 10,000 clean areafor integrating hardwareprior
to loading it into the chamber.

MODE OF OPERATION: Testitemsareloaded by crane onto aload cart, whichisrolled into the
chamber on arail system. Payload weight can beashigh as 2,268 Kg (5,000 Ib). The chamber door
remains open while thermocouples areinstalled on thetest item inside the chamber. A temperature
controlled baseplate may be provided for highthermal dissipation. Accessto the chamber isthrough
acleantent. Theuse of cleanroom procedures and the wearing of clean garmentsare required when
working in the chamber.

Chamber evacuationisprovided by 2 cryopumpsand 1 turbomolecular pump. Roughingisprovided
by ablower and rotary piston mechanical pump. Shroud temperature conditioning isaccomplished
by arecirculating GN, thermal system, or it may be flooded with LN,

PARAMETERS:
Test pressure: <13.3 ypa (1 x 107 torr)
Shroud temperature:
GN, mode: -140°C to 150°C (-220°F to 302°F)
LN, mode: -190°C (-310°F)
Chamber pumping speed: 40,000 lit/sec (84,800 cfm) @ 133 ppa (10° torr)
Turbomolecular pumping speed: 1,000 lit/sec (2,120 cfm) @ 133 ppa (10° torr)

PHYSICAL CHARACTERISTICS:

Test volume: 2.74mdiax 4.27mL (9 x 14)

Payload support: Wheeled cart - 2,268 Kg capacity (5,000 Ib)

I nstrumentation ports: 6 each 25.4cm dia (10"), 6 each 12.7cm dia (5")
Std. electrical feedthroughs: 37-pin, 7-pin, 4-pin, RF

INTEGRAL INSTRUMENTATION:

Pressure: Capacitance manometer - atm to 0.13 pa (102 torr)
lon gauge - 0.13 pa (10 torr) to ultimate

Payload temperature: 200 thermocouple channels

Contamination: TQCM, cold finger, residua gas analyzer

AUXILIARY EQUIPMENT: Portable thermal systems are available to control baseplates, the
thermoelectric quartz crystal microbalance (TQCM) and contamination control mirrors.
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1.4.3.2 2.1M X 2.4M (7' X 8) DIFFUSION PUMPED VACUUM CHAMBER
(FACILITY 237)

DESCRIPTION: Thisis a horizontal loading thermal vacuum test chamber equipped with a
viewport to accommodate an external solar simulator. The facility isused for thermal vacuum and

thermal balancetesting, and baking out testitems. Any of two solar simulators may be used for tests
with solar requirements.

MODE OF OPERATION: The test item is mounted on the portable payload fixture which is
positioned at the chamber door. An overhead rail is also available for mounting purposes. The
payloadisinstrumented withthermocouplesandrolledintothe chamber. Ground support equi pment
cabling is connected through the penetration plates and ambient functional checks are performed.
Prior to solar testing, it is normal to perform an alignment check of the test item with the external
simulator.

Chamber evacuation is provided by a rotary piston mechanical pump and an oil diffusion pump.
Rapid pump down can also be performed. A diding gate main valve alows chamber access while
the pumping systems are established.

PARAMETERS:
Test pressure: <67 ypa (5 x 107 torr)
Shroud temperature:
GN, mode: -140°C to 100°C (-220°F to 212°F)
LN, mode: -190°C (-310°F)
Chamber pumping speed: 25,000 lit/sec (53,000 cfm) @ 133 ppa (10° torr)
Evacuation time: Atm to 133 ppa (10 torr) in 300 minutes

PHYSICAL CHARACTERISTICS:
Test volume: 2.13mdiax 2.44mL (7' x 8)

Viewport dimensions: 3lcmdia(12") quartz window
Std. electrical feedthroughs: 37-pin, 7-pin, 4-pin, RF

INTEGRAL INSTRUMENTATION:

Pressure: Capacitance manometer - atm to 0.13 pa (102 torr)
lon gauge - 0.13 pa (102 torr) to ultimate

Payload temperature: 126 thermocouple channdls

Contamination: TQCM, cold finger, residua gas anayzer

AUXILIARY EQUIPMENT: Portable thermal systems are available to control baseplates, the
thermoel ectric quartz crystal microbalance (TQCM), and contamination control mirrors. A portable
cleantent can beinstalled over the payload and facility entrance during test setup. All portable solar
systems can be used.
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1433 3.7M X 4.6M (12 X 15') CRYOPUMPED VACUUM CHAMBER
(FACILITY 238)

DESCRIPTION: Thisiaavertical loading thermal vacuum test chamber used for thermal vacuum
and thermal bal ance testing, and baking out spacecraft hardware. Test articlesare normally loaded
through thetop of the chamber using the building crane; however, small payloads can betransported
through the personnel entrance. Ports for electrical feedthroughs, liquid/gas feedthroughs, and
viewing are located around the perimeter of the chamber. A clean tent at the chamber entrance
provides class 10,000 cleanliness conditions.

MODE OF OPERATION: Withthechamber domerolled back, theoverhead craneisusedtolower
the payload onto the support fixture. In most cases, special fixturing must be designed due to the
uniqueness of the test article support system. Once instaled, the payload is instrumented and
connected to the ground support equipment via feedthroughs. Access to the chamber is through a
cleantent. The use of cleanroom procedures and the wearing of clean garments are required when
working in the chamber.

Initial chamber evacuation is provided by two rotary piston mechanical pumps, with four closed
cycle cryopumps for high vacuum pumping. Each cryopump is isolated from the chamber by a
diding gate main valve to alow off-line cool down and regeneration.

PARAMETERS:
Test pressure: <67 ppa (5 x 107 torr)
Shroud temperature:
GN, mode: -90°C to 100°C (-130°F to 212°F)
LN, mode: -190°C (-310°F)
Chamber pumping speed: 60,000 lit/sec (127,200 cfm) @ 133 ppa (10° torr)
Evacuation time: Atm to 133 ppa (108 torr) in 2 hours

PHYSICAL CHARACTERISTICS:

Test volume: 34mD x4.3mH (11'2" x 14'2")
Payload support: Floor level - 1.2m (4) square platform
Sidewall - hard pointsat 1.8m and 3.7m (6' and 12') levels
Personnel door: 1.5m (5") diameter
Crane capacity: 4,536 Kg (5ton)
Viewport dimensions: 23cm (9") diameter

Std. electrical feedthroughs: 37-pin, 7-pin, 4-pin, RF
INTEGRAL INSTRUMENTATION:

Pressure: Capacitance manometer - Atm to 0.13 pa (103 torr)
lon gauge - 0.13 pa (10 torr) to ultimate

Payload temperature: 300 thermocouple or thermistor channels

Contamination monitor: TQCM, coldfinger, residual gas analyzer

AUXILIARY EQUIPMENT: Portable thermal systems are available to control base plates, the
thermoel ectric quartz crystal microbalance (TQCM), and contamination mirrors.
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1434 2.1M X 2.4M (7' X 8') CRYOPUMPED VACUUM CHAMBER
(FACILITY 239)

DESCRIPTION: Thishorizontal |oading thermal vacuumtest chamber i sequi pped with aviewport
to accommodate an external solar smulator. Chamber evacuation is provided by a rotary piston
mechanical pump and cryopumping system. A dliding gatemain valveallowschamber accesswhile
the cryopumping system isbeing established. The facility isused for thermal vacuum and thermal
balancetesting, and baking out test articles. Any of two solar simulators may be used for testswith
solar requirements. A clean tent at the chamber entrance provides class 10,000 cleanliness
conditions.

MODE OF OPERATION: Thetest articleismounted ontheportable payload fixturewhichispre-
positioned at the chamber door. An overhead rail is aso available for mounting purposes. After
instrumenting the payload with thermocouples, it is rolled into the chamber. Ground support
equipment cabling is connected through the penetration plates, and ambient functional checks are
performed. Accessto the chamber isthrough acleantent. Theuse of cleanroom proceduresand the
wearing of clean garments are required when working in the chamber.

PARAMETERS:
Test pressure: <67 ppa (5 x 107 torr)
Shroud temperature:
GN, mode: -140°C to 100°C (-220°F to 212°F)
LN, mode: -190°C (-310°F)
Chamber pumping speed: 20,000 lit/sec (42,400 cfm) @ 133 ppa (10° torr)
Evacuation time: Atmto 1.3 pa (102torr) in 1 hour

1.3 pato 133 ppa (10° torr) in 5 hours

PHYSICAL CHARACTERISTICS:
Test volume: 2.13m diameter x 2.44m L (7' x 8)
Viewport dimensions: 30cm (12") diameter quartz window
Std. electrical feedthroughs: 37-pin, 7-pin, 4-pin, RF

INTEGRAL INSTRUMENTATION:

Pressure: Capacitance manometer - Atm to 0.13 pa (102 torr)
lon gauge - 0.13 pa (10 torr) to ultimate

Payload temperature: 126 thermocouple channels

Contamination monitor: TQCM, coldfinger, residual gas analyzer

AUXILIARY EQUIPMENT: Portable thermal systems are available to control base plates, the
thermoel ectric quartz crystal microbalance (TQCM), and contamination mirrors. All portable solar
systems can be used.
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1435 0.9M X 0.9M (3 X 3') DIFFUSION PUMPED VACUUM CHAMBER
(FACILITY 240)

DESCRIPTION: This diffusion pumped facility is a horizontal loading thermal vacuum test
chamber used for thermal vacuum testing and bakeout of test articles. The payload is mounted on
aplate which is supported by rails welded to the chamber wall.

MODE OF OPERATION: Afterthetest articleisinstrumented with thermocouplesand placedin
the chamber, ground support equipment cabling is connected through the penetration plates, and
ambient functional checksareperformed. Placing thetest articleonabaseplate or suspendingit from
theoverheadrail are acceptablemounting methods. Chamber evacuationisprovided by rotary piston
mechanica pumps and an oil diffusion pump. A main valve allows test set up while the pumping
system is being established.

PARAMETERS:
Test pressure: <13.3 ppa (107 torr)
Shroud temperature: -140°C to 110°C (-220°F to 230°F)
Chamber pumping speed: 1,600 lit /sec (3,400 cfm) @ 133 ppa (10° torr)
Evacuation time: Atm to 133 ppa (10° torr) in 2 hours

PHYSICAL CHARACTERISTICS:
Test volume: 0.91m diameter x 0.91m L (3' x 3)
Std. electrical feedthroughs: 37-pin, 7-pin, 4-pin, RF

INTEGRAL INSTRUMENTATION:

Pressure: Capacitance manometer - atm to 0.13 pa (103 torr)
lon gauge - 0.13 pa (10 torr) to ultimate

Payload temperature: 18 thermocouple channels

Contamination: TQCM, cold finger, residua gas analyzer

AUXILIARY EQUIPMENT: Portable thermal systems are available to control baseplates, the
thermoelectric quartz crystal microbalance (TQCM), and contamination control mirrors.

3 X 3 CHAMBER (FACILITY 240)
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1436 0.9M X 0.9M (3 X 3') CRYOPUMPED VACUUM CHAMBER
(FACILITY 241)

DESCRIPTION: Thiscryopumped facility isahorizontal |oading thermal vacuum chamber used
for thermal vacuum testing and bakeout of test articles. The payload is mounted on aplate whichis
supported by rails welded to the chamber wall.

MODE OF OPERATION: Afterthetest articleisinstrumented with thermocouplesand placedin
the chamber, ground support equipment cabling is connected through the penetration plate, and
ambient functional checks are performed. After roughing down the chamber with the rotary piston
mechanical pump, ultimate pressureisachieved with the cryopump. A mainvalveallowstest set up
while the pumping system is being established.

PARAMETERS:
Test pressure: <13.3 ppa (107 torr)
Shroud temperature: -140°C to 110°C (-220°F to 230°F)
Chamber pumping speed: 1,500 lit /sec (3,200 cfm) @ 133 ppa (10°torr)
Evacuation time: Atm to 13.3 pa (10 torr) in 5.5 minutes

13.3 pato 13.3 ypa (107 torr) in 2 hours
PHYSICAL CHARACTERISTICS:
Test volume: 0.91m diameter x 0.91m L (3' x 3)
Std. electrical feedthroughs: 37-pin, 7-pin, 4-pin, RF

INTEGRAL INSTRUMENTATION:

Pressure: Capacitance manometer - Atm to 0.13 pa (102 torr)
lon gauge - 0.13 pa (102 torr) to ultimate

Payload temperature: 18 thermocoupl e channels

Contamination monitor: TQCM, coldfinger, residual gas analyzer

AUXILIARY EQUIPMENT: Portable thermal systems are available to control base plates, the
thermoel ectric quartz crystal microbalance (TQCM), and contamination mirrors.

3 X3 CHAMBER (FACILITY 241)
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1437 06M X 0.6M (2 X 2') VACUUM CHAMBERS
(FACILITIES 243 AND 244)

DESCRIPTION: These diffusion pumped facilities are vertical, top-loading “belljar” test cham-
bers used for thermal vacuum and thermal bal ance testing, and baking out test hardware. They are
equipped with a viewport to accommodate an external solar simulator.

MODE OF OPERATION: Thetest articleismounted to afixture suspended from the chamber lid.
After the payload is instrumented with thermocouples, the lid is placed on the chamber. Ground
support equi pment cablingisconnected through the penetration plate, and ambient functional checks
are performed. For solar testing, it is normal to perform an alignment check with the externa
simulator prior to pump down.

Chamber evacuation is provided by rotary piston mechanical pumps and an oil diffusion pump. A
diding gate main valve allows test set up while the pumping system is being established.

PARAMETERS:
Test pressure: <67 ppa (5 x 107torr)
Shroud temperature:
GN, mode: -140°C to 100°C (-220°F to 212°F)
LN, mode: -190°C (-310°F)
Chamber pumping speed: 300 lit/sec (640 cfm) @ 133 ppa (10°torr)

PHYSICAL CHARACTERISTICS:

Test volume: 0.61mdiax 0.6ImH (2' x 2)
Hoist capacity: 454 Kg (1,000 Ib)
Viewport dimensions: 19cm dia(7.5") quartz window

Std. eectrical feedthroughs: 37-pin, 7-pin, 4-pin, RF

INTEGRAL INSTRUMENTATION:

Pressure: Capacitance manometer - atm to 0.13 pa (102 torr)
lon gauge - 0.13 pa (102 torr) to ultimate

Payload temperature: 18 thermocouple channels

Contamination: TQCM, cold finger, residua gas analyzer

AUXILIARY EQUIPMENT: Portable thermal systems are available to control baseplates, the
thermoelectric quartz crystal microbalance (TQCM), and contamination control mirrors. Also, a
portable solar simulator can be used to illuminate the payloads.
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1.4.3.8 0.9M X 1.2M (3 X 4') CRYOPUMPED VACUUM CHAMBER
(FACILITY 281)

DESCRIPTION: Thiscryopumped facility isahorizontal 1oading thermal vacuum chamber used
for thermal vacuum testing and baking out test articles. The payload is mounted on aplatewhichis
attached to railsin the chamber.

MODE OF OPERATION: After thetest articleisinstrumented and installed in the chamber, itis
connected to the ground support equipment and data acquisition system via el ectrical feedthroughs.
After roughing down the chamber with the mechanical pump, ultimate pressure is achieved with a
cryopump. A main valve allows test set up while the pumping system is being established.

PARAMETERS:
Test pressure: <13.3 ppa (107 torr)
Shroud temperature:
GN, mode: -150°C to 150°C (-238°F to 302°F)
Chamber pumping speed: 1,500 lit/sec (3,200 cfm) @ 133 ppa (10°torr)
Evacuation time: Atmto 13.3 pa (10* torr) in 5.5 minutes

13.3 pato 213 ppa (1.6 x 10°® torr) in 2 hours

PHYSICAL CHARACTERISTICS:
Test volume: 0.91m diameter x 1.22m L (3 x 4)

Payload support: Plate on support rails
Std. electrical feedthroughs: 37-pin, 7-pin, 4-pin, RF

INTEGRAL INSTRUMENTATION:
Pressure: T/C gauge - atm to 0.13 pa (103 torr)
Capacitance manometer - Atm to 0.13 pa (103 torr)
lon gauge - 0.13 pa (10 torr) to ultimate
Payload temperature: 18 thermocouple channels
Contamination monitor: TQCM, coldfinger, residual gas analyzer

AUXILIARY EQUIPMENT: Portable thermal systems are available to control base plates, the
thermoelectric quartz crystal microbalance (TQCM), and contamination mirrors.
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1.4.3.9 8.2M X 12.2M (27 X 40') CRYOPUMPED VACUUM CHAMBER
(FACILITY 290)

DESCRIPTION: Thiscryopumped facility isavertical, very large Space Environment Simulation
(SES) test chamber capabl e of achieving ultralow pressure and awide range of thermal conditions.
Test articlesareloaded through the top of the chamber using the Building 10 crane. Personnel entry
is through a side opening access port. Two small viewports are located on the chamber side at
different elevations. The chamber is used for thermal vacuum and thermal balance testing, and
baking out very large test articles. A Class 10,000 clean anteroom provides personnel and small
payload access to the chamber.

MODE OF OPERATION: Thetestarticleisloaded ontothe payloadtableor internal fixturingwith
thechamber domerolled back. Often, special fixturingisrequired. Anexternal HEPA-filtered clean
air supply providesfresh air to thechamber during pre-test activities. Entry toinstrument the payload
with thermocouples, connect ground support equipment cabling, and install hardware is through a
cleanroomairshower at the personnel door. Wearing of clean garmentsisrequired. Scaffolding may
be erected to provide accessto the payload. An areaadjacent to the main facility control consoleis
reserved for the experimenter’ s ground support equipment.

Chamber evacuation is provided by eight rotary piston mechanical pumpswith Roots blowers, and
eight cryopumps. A turbomolecular pumpisavailableto pumpthelighter gassesto achieveultralow
pressures. Thermal control is provided by an aluminum tube-in-sheet cylindrical shroud with both
liquid nitrogen and gaseous nitrogen operational modes. The dome and bottom shrouds are also
connected to the thermal skids. Resistance heater arrays, with external power supplies or gaseous
nitrogen panels, are available for special thermal requirements. A thermoelectric quartz crystal
microbalance (TQCM) and residual gas analyzer (RGA) provide both quantitative and qualitative
monitoring of molecular contamination and gaseous constituentswithin the chamber. Closed circuit
television coverage is available for monitoring the test article.

HELIUM SKID: A 1.2kilowatt helium refrigeration systemis piped to 2.54cm (1") VCR fittings
inside the chamber that may be connected to manifolds providing the capability of achieving
20°Kelvin on those surfaces. Thisis enough cooling energy to cool, and then maintain, panelsin
fixtures large enough to encompass entire payloads.
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PARAMETERS:

Test pressure: 13.3 ppa (107 torr)
Shroud temperature:
GN, mode: -130°C to 100°C (-202°F to 212°F)
LN, mode: -180°C (-292°F)
Chamber pumping speed:
8 cryopumps: 2.4 x 10° lit/sec (5.1 x 10° cfm) @ 133 ppa (106 torr)

Turbomolecular pump: 6,000 lit/sec (12,700 cfm) @ 133 ppa (10°torr)

PHYSICAL CHARACTERISTICS:

Test volume: 8.23m diameter x 12.19m H (27' x 40"
Payload support: 9,072 Kg (20,000 Ib)

Removable floor: 11,794 Kg (26,000 Ib)

Viewports: 30 cm (12") two each

Std. electrical feedthroughs: 37-pin, 7-pin, 4-pin, RF

INTEGRAL INSTRUMENTATION:

Pressure: Capacitance manometer (2) - Atm to 0.13 pa (103 torr)
lon gauge (4) - 0.13 pa (1072 torr) to ultimate
Payload temperature: 600 channels of thermocouples, thermistors, or voltage signals
Contamination monitor: TQCM, coldfinger, residual gas analyzer
TQCM frequencies: 4-15MHz; 2- 10 MHz

AUXILIARY EQUIPMENT: Portable thermal systems are available to control base plates, the
thermoelectric quartz crystal microbalance (TQCM), and contamination mirrors.

FACILITY 290 CONTROL MIMIC PANEL
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144 SOLAR SIMULATORS, PORTABLE

DESCRIPTION: A portable solar simulator is designed to simulate the sun's effects on flight
hardware. In particular, it can simulate the rapid thermal changes that an orbiting satellite would
experienceasit cyclesinand out of thesun'sillumination and Earth'sshadow. Thesimulator contains
asolar lamp, projection optics, power supply, cooling system, and controls necessary to project a
beam onto atarget plane.

MODE OF OPERATION: Thesimulator isset up externally to athermal vacuum chamber so that
itsbeam can proj ect through aquartz window onto the payl oad target plane. Theintensity isadjusted
tothedesired level, and the uniformity of the beam at thetarget planeismeasured before the payload
isinstalledinsidethechamber. Afterthepayloadisinstalled, thelampisaligned at thequartzwindow
at the required distance from the target plane. The lamp isignited and the payload illuminated per
the test procedure. Typical specifications include the intensity measured in solar constants, beam
width and distance from target, number of "ON/OFF" cycles, and duration of each cycle.
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1441 61CM (24")-1S.C. SOLAR SIMULATOR (FACILITY 211)

DESCRIPTION: Thisportable solar ssimulator projectsadivergent beam. The unitismounted on
a castered platform to provide alignment with the windows of the medium-sized thermal vacuum
chambers. The power supply and controls are incorporated in a separate castered console.

MODE OF OPERATION: Theintensity isadjustedtothedesiredlevel, and uniformity of thebeam
at the target plane is measured before the test article isinstalled in the facility. The lamp is then
aligned at the quartz window at the required distance from the target plane. Thelampisignited and
the payload illuminated in accordance with the test procedure.

PARAMETERS:
Beam size: 61cm (24") acrossflats Intensity: 90 to 270 mw/cm? (0.16 ir?);
0.6to1.0SC.
Target plane; 191cm (75") from exit optics Uniformity: + 10% max of average intensity
Subtenseangle:  7° haf angle Spectrum: Filtered to air mass zero solar spectrum
PHYSICAL CHARACTERISTICS:
Source; One 6.5 Kw xenon arc lamp Utility requirement:
Lamphouse: 76cm x 137cm x 122cm Power: 480V, 60Hz, 3 phase, 35amp
(30" x 54" x 48") 110V, 60Hz, 1 phase, 25amp
Control console: 76cm x 76cm x 183cm
(30" x 30" x 72%)
Platform: 173cm x 76cm x 127cm Cooling water: 15°C to 30°C (59°F to 86°F)
(68" x 30" x 50") 11 to 19 lit/min (3 to 5 gal/min)
Exhaust fan: 8.5 m3/min (300 ft¥min)
INTEGRAL INSTRUMENTATION:
Lamp voltage:  0-150 VDC Lamp intensity: 0-200 mw/cm? (0.16 in?)
Lamp current:  0-200 amp DC System alarms; Klaxon and lights

POWER SUPPLY SOURCE MODULE
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14.4.2 33CM (13") - 1 S.C. SOLAR SIMULATOR (FACILITY 213)

DESCRIPTION: This portable solar simulator incorporates the lamp, projection optics, power
supply, and controls in asingle castered cabinet. Power driven screw jacks at each corner permit
raising the cabinet 61cm (24") to align the ssmulator with the chamber window.

MODE OF OPERATION: Theintensity isadjustedtothedesiredlevel, and uniformity of thebeam
at thetarget planeismeasured. After the payload isinstalled in thetest facility, the lamp isaligned
at the window at the required distance from the target plane. The lamp isignited and the payload
illuminated in accordance with the test procedure.

PARAMETERS:

Beam size: 33cm (13") acrossflats

Target plane: 55cm to 244cm (22" to 96")
from exit optics

Subtense angle; 7° haf angle

Intensity: 81 to 162 mw/cm? (0.16 in?)

Spectrum: Filtered to air mass
zero solar spectrum

Uniformity: + 5% max of average intensity

as measured with alcm x 2cm
(0.4" x 0.8") solar cell

PHYSICAL CHARACTERISTICS:

Source; One 2.5Kw xenon arc lamp
Size: 58cm x 58cm x 213cm

(23" x 23" x 84")
Power required: 480V, 60 Hz, 3 phase, 15 amp

33CM SOLAR SIMULATOR
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145 THERMAL VACUUM DATA ACQUISITION FACILITY

DESCRIPTION: Thisfacility isaclient/server Windows NT network application operating over
alocal areanetwork (LAN.) Itisdesigned to measure, display, and store data such astemperature,
chamber pressure, thermoelectric quartz crystal microbalance (TQCM) frequencies, voltages, and
other chamber and payload data.

MODE OF OPERATION: Datais acquired by the Supervisory Control and Data Acquisition
(SCADA) computer every two minutesand recorded in thethermal vacuum Oracle databasel ocated
ontheserver. Datastationslocated throughout Labs 7 and 10 can view thisdatathrough an Ethernet
TCP/IP connection. The Thermal/Vacuum Data System (TVDS) graphical user interface (GUI)
displays the datain tabular and graphical formats.

The number and location of payload thermocouples are determined by the experimenter/thermal
engineer. Facility thermocouples are strategically placed to provide a full representation of al
chamber shrouds. The different operating parameters (temperature, pressure, TQCM frequencies,
and rate of TQCM change) can be viewed simultaneously in tabular format or graphical plot. All
measuring devices have alarm limits that allow for facility and payload control.

All recorded dataand data station configurations are stored in an Oracle database on aDigital Alpha
server. An uninterruptible power supply preventsthe loss of datain case of a power outage. Data
is backed up daily and stored on magnetic tape.

SOFTWARE FEATURES: TheTVDSapplicationrunson each datastationand can becustomized
by the operator or experimenter. Any facility that is active (under test) can be viewed on any data
station. Security isimplemented by controlling each user's level of access to each system with a
password.

Operators have the ability to create, start and stop tests, enabl e/disable measuring devices, and edit
alarm limits, averages and gradients. Display optionsinclude unlimited tabular displays, unlimited
graphical plot displays, multiple color schemes, scale-able plots, and copying displays from other
data stations. All tabular and plot displays can be printed to aLAN printer.

A separate utility providesaccessto recorded datain ASCII format. Thisutility canrunduring atest

to record datato afilethat can then be accessed by athird party software. Thisutility isalso useful
for gathering data to afloppy or network location after a test's compl etion.
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THERMAL VACUUM DATA ACQUISITION AREA

NASA/GSFC TVDS / SCADA DATA FLOW OVERVIEW

TVDS / SCADA DATA ACQUISITION
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1.46 THERMAL CONDITIONING UNITS

DESCRIPTION: Thefollowing thermal conditioning units are portable and available for use at
each thermal vacuum facility as needed. They are designed to produce and maintain awide range
of temperatures. The heat transfer mediumis GN,, for al units. Typical applicationsfor these units
include independent thermal control of test articles and contamination monitoring devices such as
mirrorsand TQCMs. Chamber penetrations are configured to accommodate the thermal condition-
ing units.

Heating Cooling Size
Facility No. Temp Range | Cap- (watt) | Cap. (watt) (H x W xD) MFR Notes

201 -140t0 140° C 1,400 1,000 1.8m x 0.97/m x 1.7m CVI
(-220t0 284° F) (5.9 x 3.2 x5.6)

205 -100 to 100" C 500 500 0.89m x 0.51m x 0.51m Slack 1
(-1481t0 212° F) (29 x 1.7 x 1.7)

207 -100 to 100" C 300 300 0.38m x 0.38m x 0.38m Slack 1
(-14810 212° F) (1.3 x13x13)

230 -150 to 150° C 12,000 10,000 2.1m x 0.81lm x 2.1m DynaVac
(-23810302° F) (6.8 x2.7 x 6.8)

Note 1. Thermal capacities at nominal 10°C (18°F) gradient

FACILITY 205 FACILITY 201
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1.4.7 ELECTRICAL HEATER CONTROLLER (FACILITY 242)

DESCRIPTION: Theé€lectrical heater controller rack isastandard 48cm (19") electronic console
that containsdirect current power supplies, power distribution, and amicroprocessor-based control
panel. Heater circuitscan be controlled individually at continuously variabletemperatures between
-100 and +100°C (-148 and +212°F). Power available for heater circuitsis 5.4 Kw maximum.

MODE OF OPERATION: Eachtemperaturecontrol panel can control sixteen heater circuit zones.
The microprocessor-based panel uses a platinum resi stance temperature detector to feed back real
time temperature data. The panel uses a proportiona plus integral plus derivative (PID) rate
characteristic to control asolid staterelay. Thetime-proportioning control circuitry cyclesthe solid
state relay to control the power to the heater. All adjustments are available from the front panel and
can be locked against tampering. Each heater zone is alarmed.

PARAMETERS:
Temperature: -100 to +100°C (-148 to +212°F)
Heater zones: 16 channels
Heater power: 5.4 Kw maximum

PHYSICAL CHARACTERISTICS:
Portable unit: 2.08mH x 0.6Im W x 0.61m D (6.82' x 2' x 2')

HEATER CONTROLLER RACK
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148 AUTOMATED ELECTRIC HEATER CONTROLLER (FACILITY 315)

DESCRIPTION: This system can control up to twelve heater circuits, each of which can bein
temperaturecontrolled or constant power mode, asdesired. Four of thecircuitscanbeinzero-Q. The
rack containstwelve direct current power supplies, aprogrammablelogic controller (PLC), atouch
screen operator interface, and aM odbus Pluscommunication port. The system usesthe proportional
plusintegral plus derivative (PID) control strategy.

MODE OF OPERATION: The heater system can be operated at the touch screen or remotely via
Modbus Plus from a desktop computer. For each circuit, the user enters the mode, set point,
temperaturelimit, heater current limit, and the heater resistance. The PL C then controlsthe amount
of continuous(i.e., not pulsed) current to the heater to achievethedesired temperature or power level.
Temperatures and power levels (in any mode) are stored in the thermal vacuum data system.

PARAMETERS:
Temperature: -200 to +200°C (-328 to +392°F)
Heater zones: 12 channels
Heater power: 600 watts per channel (0-150 volts DC @ 0-4 amperes)
Modes: Temperature controlled, constant power, zero-Q

Temperature sensors.  Type T thermocouples

PHYSICAL CHARACTERISTICS:
Portable unit: 2.06mH x 0.56m W x 0.76m D (6.75' x 1.8' x 2.5

AUTOMATED HEATER CONTROLLER
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1.4.9 RAPID PUMPDOWN SYSTEM (FACILITY 208)

DESCRIPTION: This high-speed vacuum pumpdown system is comprised of two rotary piston
pumps manifolded in parallel to achamber exhaust line. Two 2.1mx 2.4m (7' x 8') thermal vacuum
chambers (one diffusion pumped, one cryopumped) are manifolded in parallel to the exhaust line
providing rapid pumpdown. Thereisaforelinevalveat theinlet of each pump, and a shut-off valve
at each chamber. The pumps and valves are located in the basement and operated from a remote
console.

MODE OF OPERATION: Eachpumpisstarted, anditsultimatepressureisverifiedtobelessthan
2.66 pascal (2x 102torr). Theforelinevalveandthevalveat therequired chamber are opened. When
test pressureisachieved, the chamber valveisclosed. Theforelinevalvesare closed and the pumps
are secured.

PARAMETERS:
Ultimate pressure: 1.33 pa(10?torr)
Pump down time: Either chamber - atm to 2.66 pa (2 x 102 torr) in 5 min.
Pump speed: 22me/min (780 ft3min) each pump

PHYSICAL CHARACTERISTICS:
Foreline size: 25cm (10") diameter
Chamber manifold: 31cm (12") diameter

INTEGRAL INSTRUMENTATION:

Pump foreline pressure: T/C gauge for atm to 0.13 pa (1073 torr)
10*3
— 10+5
+2
10 o
FACILITY 237 & 239
~ -
@ <
Do: 10*! — 3
+3
= 10 i
o w
7 <
8 1 — 10+2 )
L N
£ 2
o a
10-1 — 10+1
w2 L 1 1 I 1 11 1 1 1
0 60 120 180 240 300
TIME (SECONDS)
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1410 CONTAMINATION MONITORING
1.4.10.1 RESIDUAL GASANALYZER (RGA)

DESCRIPTION: The residual gas analyzer is used to measure the partial pressures of ionized
molecules over a mass range of 1 to 200 atomic mass units (AMU). Using a combined RF and
electrostatic field formed by two metal rods, the RGA scans the mass range and detects the partial
pressures of each element or compound fraction.

MODE OF OPERATION: TheRGA probeislocatedinthethermal vacuumfacility andis oriented
to maximize the detection of the outgassing species. After the facility pressure reaches 13.3 mpa
(10*torr), theinstrument may beactivated. Analternatetechniqueistousethemicro-samplingvalve
at high chamber pressure. Monitoring and recording of the vacuum environment is via a display
meter and printer.

PARAMETERS:
Electron Max. Operating Min. Detectable
MKS PPT-1A- Yes No 1-100 13.3 mpa 1.33x 10° pa
100FC (2.0 x 10 torr) (10 x 10*? torr)
Leybold C100F Yes No 1-100 13.3 mpa 6.7 x 10° pa
(1.0 x 10 torr) (50 x 10?2 torr)
MKS PPT-200EM Yes Yes 1-200 13.3 mpa 6.7 x 102 pa
(2.0 x 10 torr) (50 x 10°* torr)

Note: Two auxiliary RGA manifolds are available, with appropriate valves, that provide sam-
pling of chamber gasses when chamber pressureis between 13.3 mpa (10“torr) and
atmosphere.

RGA INSTALLED ON CHAMBER
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1.4.10.2 THERMOELECTRIC QUARTZ CRYSTAL MICROBALANCE

DESCRIPTION: The thermoelectric quartz crystal microbalance (TQCM) and M-2000 control
unit system measures and records condensable masses which deposit on a piezoelectric crystal.
Extreme accuracy is obtained by comparing the exposed measurement crystal to a matched
encapsulated reference crystal |ocated inthe same TQCM head. A computer controlled thermoel ec-
tric pump providesahigh degreeof crystal temperature control, whichisvital for accuratefrequency
measurement. Two TQCM sensing unitsmay beused, 10 MHz or 15 MHz. All relevant dataissent
from the M-2000 control unit and the PC control station to the dataacquisition and reductionfacility.

MODE OF OPERATION: Oneor more TQCM sensing units are installed in athermal vacuum
chamber. The chamber is pumped down to atest pressure of 1.33 mpa (10° torr) or less, at which
point the TQCM s turned on and set for the appropriate operating temperature. As the payload
outgasses and materials condense on the TQCM sensing crystal, the crystal frequency increases
directly proportional to the amount of payload outgassing.

PARAMETERS:

Mass sensitivity: 4.43 x 10° g/lcm?-Hz (1.01 x 10°0z/in?>-Hz) for the 10 MHz unit
1.97 x 10° g/cnm?-Hz (0.45 x 10° 0z/in?-Hz) for the 15 MHz unit

Crystal temperature:  -50to +100°C, £ 0.1°C (-58 to +212°F, + 0.18°F)

Sensor unit size: 5cm (2") diameter x 25.5cm (10") L with heat sink lines

INTEGRAL INSTRUMENTATION: Theinstrument consistsof aTQCM sensor head unit,
M-2000 multichannel control unit, SCADA station, and heat sink temperature control system.

TQCM COMPUTER CONTROL AND ACQUISITION UNIT
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1.4.10.3 COLD FINGER (C/F)

DESCRIPTION: Cold fingers are small stainless steel cylinders which are mounted in the test
volume of each thermal vacuum chamber. Condensable vapors are collected by the cold finger and
analyzed after thetest. In some cases, alarge cold plateisused to collect the condensable materials.
The cold finger is maintained at LN, temperature during test and until the chamber is backfilled to
80 Kpa (600 torr).

MODE OF OPERATION: Thecoldfingeristhoroughly cleaned beforethetest. Afterthethermal
vacuum test, the cold finger is warmed and again rinsed with isopropyl alcohol. The rinse sample
is collected in a clean bottle and sent to the Materials Assurance Branch for quantitative and
gualitative analyses.

PARAMETERS:
Size: 5¢cm (2") diameter x 7.6cm H (3")
Surfacearea:  142cn? (22 in?) nominal
Temperature:  -196°C (-321°F)

C/F INSTALLED INSIDE CHAMBER
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1.4.10.4 CONTAMINATION CONTROL MIRROR

DESCRIPTION: Theseauminum coated mirrorsare used primarily to collect outgassed materials
in the thermal vacuum chambers; however, they may be placed anywhere to collect condensable
matter. To determinethe quantity of material onthe mirror, reflective ultraviol et measurementsare
made prior to test, and then compared to post test measurements for aloss of reflectivity.

MODE OF OPERATION: The mirror is placed in the therma vacuum chamber (or other
environment) and allowed to remain in that location for the duration of thetest. In most cases, the
mirror’'s temperature follows the thermal vacuum chamber temperature profile; however, the
mirror’ stemperature can be controlled if desired. For large accretions (greater than 10% changein
reflectivity) the mirror is sent to the Materials Assurance Branch for chemical analysis of the non-
volatile residue.

PARAMETERS:
Temperature: -190to +100°C (-310 to +212°F)
Measurement error: + 2%
M easurement wavelength: 1216A, 1608A, and 2000A
Mirror size: 5cm x 5cm (2" x 2"), coated on one side
Coating: Al - 600 to 800A thick
Over coating: MgFI - 250A thick

MIRROR INSTALLED INSIDE CHAMBER
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2.0 INTEGRATION SERVICESAND FACILITIES

The Environmental Test and Integration Branch provides trained personnel and facilities neces-
sary to support integration of flight hardware ranging from sub-assemblies to fully-configured
flight spacecraft. Integration services and facilities include mechanical integration support,
electrical cable harness devel opment, thermal blanket development, contamination control
support, and cleanroom facilities. The Environmental Test and Integration Branch's functions
include the following integration disciplines:

M echanical | ntegration: Maintenance and operation of cleanrooms
Electrical and mechanical integration
Handling of spacecraft
Functional checks of spacecraft hardware
Field support at launch sites and remote facilities

Thermal Blanket Facility: Thermal blanket template design
Thermal blanket fabrication
Thermal blanket installation
Launch site closeout and support

Electrical Cable Harness Facility: Cable harness fabrication
Continuity and insulation resistance testing
Cable harness routing design
Cable harness installation and test

Cleanrooms and Contamination 10K (M5.5) cleanrooms and tents

Control Support: Particle and hydrocarbon monitoring
Witness plate monitoring and analysis
Cleanroom garments and supplies
Precision cleaning
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2.1 MECHANICAL INTEGRATION

INTRODUCTION

The Center possesses both the facilities and personnel necessary for mechanically integrating
spaceflight hardware, including instruments, ground support equipment, and compl ete spacecraft.
Thisintegration effort is provided from the inception of the program through launch and recovery.
Integration is performed either in the cleanrooms or in the general laboratories, as appropriate.
Contamination-sensitive flight hardware and systems are integrated in the cleanrooms, while non-
sensitive hardware is completed in the general integration facilities. A more detail ed explanation of
the Center's integration capabilities follows.

2.1.1 HANDLING OF SPACECRAFT

Typical spacecraft handling tasks include preparation of procedures, use of hydrasets, crane
operations, proof testing of lifting devices and handling carts, and fabrication of lifting cables. The
Center has extensive facilities, hardware, and trained personnel for both routine and quick reaction
handlingtasks. Logisticsfor shipping, receiving, and packaging areal so provided at GSFC and other
offsite locations.

2.1.2 FABRICATION SUPPORT

Frequently, quick reaction machining operations need to be performed so that spacecraft integration
tasks will remain on schedule. Trained personnel, using precision equipment and facilities, are
available to modify or fabricate critical components and hardware as required.

2.1.3 ASSEMBLY

Both Center and project-supplied hardwareisused by theintegration group in the assembly of flight
systems. Precision assembly tools, measuring instruments, and trained personnel are used to ensure
precise alignment and installation of flight hardware. Precision optical transit squares, interferom-
eters, surface tables, inclinometers, electronic levels, height gauges, and helio-precision measuring
tools are some of the instruments used for this effort.

2.1.4 FUNCTIONAL CHECKSOF SPACECRAFT MECHANISM S

Center personnel perform weight, moment of inertia, center of gravity, and product of inertia
measurements on flight hardware. Functional checks of hinged doors, solar panel deployment
mechanisms, payload gjection systems, and boom deployments are routinely conducted in accor-
dancewiththedesigner’ sand experimenter’ sspecifications. Integration personnel alsowork closely
with electronics personnel when installing electronic packages and routing electrical harnesses.

2.1.5 FIELD SUPPORT

When required, Center personnel are availablefor field support at contractor sites, launch sites, and
other NASA installations. Typical operations performed during field support tasks are covered
above.
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2.2 THERMAL BLANKET FACILITY

DESCRIPTION: Thethermal blanket facility isequipped to provide all aspects of design, layout,
fabrication, and installation of multi-layer insulation (MLI) for flight spacecraft, instrumentation,
mock-ups, and test fixtures. Consultant servicesare provided to other NASA centers and aerospace
vendors.

MODE OF OPERATION: To meet thermal design requirements, each blanket is custom built.
Materials can be baked out in thermal vacuum chambers before fabrication begins. Afterward, the
compl eted blanket can bebaked. Metalized and non-metalized thinfilms(suchasMylar, Kaptonand
Teflon), dacron netting, special adhesives and tape, fluoroglas fabric (Beta cloth), and a variety of
fasteners are stocked and used in the fabrication and installation process. Flight blankets consisting
of metalized filmsare electrically grounded to the spacecraft during installation to avoid build up of
static charge. Existing blankets are also modified, refurbished, and repaired.

PHYSICAL CHARACTERISTICS:
7 each fabrication tables (two in controlled, dust-free enclosures)
Hand held vacuums, one air table, and three mobile material carts
Two medium/heavy weight industrial sewing machines
Storage for completed MLI and templates

ADDITIONAL NOTES: Bulk blankets generally do not exceed 1.22m x 3.35m (4' x 11)).
Installation or construction of MLI can occur directly on hardware in the facility if cleanliness
requirements are not stringent and size does not exceed 2.13m L x 1.68m W x 1.98m H (7' x 5.5' x
6.5"). Blanket patterning, modification, and installation often occur in other areas of integration or
testing, in contamination-controlled areas, and offsite.

.

BLANKETSON PAYLOAD
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2.3 CABLE HARNESSFACILITY

DESCRIPTION: The cable harness facility is equipped to provide all aspects of design, pro-
curement of materials, fabrication, and checkout of electrical cable harnesses for non-flight and
flight systems. The Electrical Systems Support Group maintains and operates this facility. The
group provides consultant servicesto flight projects regarding the use of materials, fabrication
methods, and certifications required to withstand environmental testing and the rigors of space.

MODE OF OPERATION: To meet flight system electrical design requirements, each cable
harness is custom built to specifications provided by the customer. Cable harnesses may contain
awide variety of soldered or crimped connections and may also contain fiber optic terminations.
Polymerics are applied, as specified, to protect the final cable harness assembly. The wires,
connectors, backshells, and braiding material can be baked out in thermal vacuum chambers
before fabrication begins. After fabrication, the completed harnesses can be baked out as an
assembly, and are then routed, installed, and integrated to the flight hardware and/or spacecraft.
Materials are procured per the requirements of the NASA Preferred Parts List (PPL) MIL-STD-
975 and the GSFC Incoming Inspection and Test System (GPG 4520.2A). Workstations are set
up with equipment to minimize electrostatic discharge. The group can modify or repair existing
cable harnesses. End-to-end verification tests include checks of continuity, resistance, and
dielectric strength of materials. Qualified fabricators are certified to the following standards:

- Soldered Electrical Connections NASA-STD-8739.3

- GSFC Crimp, Cable and Harnessing NASA-STD-8739.4
- Fiber Optic Terminations NASA-STD-8739.5

- Electrostatic Discharge Control NASA-STD-8739.7

- Polymeric Application NAS5300.4 (3J-1)

PHYSICAL CHARACTERISTICS:
6 each fabrication workstations with el ectrostatic discharge control
Temperature-controlled calibated soldering stations
Calibrated crimpers and wire strippers
1500-volt megohmmeter and 4-lead digital voltmeter
Pin retention testers, crimp quality pull testers, and torque wrenches
Locked room and cage for secure storage of flight materials

ADDITIONAL NOTES: Cable harnesses can be fabricated at any location and in any lengths

desired. Thisincludes working in clean rooms and around flight hardware, while maintaining
cleanliness control standards.
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24 CLEANROOMS

DESCRIPTION: Cleanrooms are designed and operated to maintain a classification of air
cleanliness by introducing air into the room, tent, or bench with conditioned recirculatory or direct
ambient air systems through a series of high efficiency (HEPA) air filters. The filtered air is
maintai ned at specified vel ocitiesinaunidirectional flow patternthat causes contaminantsgenerated
within the facility to be carried away in the direction of the moving air stream.

MODE OF OPERATION: Cleanrooms are monitored on a periodic basis to verify that the
classification of thefacility remainswithin specification. Cleaningisperformed onapredetermined
or “asrequired” schedule based on classification monitoring results. Used cleanroom garmentsare
continuously removed from the change rooms and replaced with fresh packaged garments. Project
personnel are present inside the cleanrooms during test activity to insure that proper cleanroom
procedures are followed.
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2.4.1 SPACECRAFT CHECKOUT AREA (SCA)

SIZE

17mL x 11Im W x 10m H (56' x 36' x 33))

SOUTH WALL FILTER BANK

5,664 m®/min (200,000 ft3min) - horizontal flow

AIR VELOCITY

30m/min (100/min), minimum

TEMPERATURE

21+3 C(70+5 P

RELATIVE HUMIDITY

48 + 4%

ENTRANCE (HARDWARE)

Rollup door: 5.9m W x 6.0m H (19.4' x 19.7")

CLEANLINESS

Class 10,000 (M5.5)

OTHER SERVICES

electrical, compressed dry nitrogen, under-floor cable tray system,
telephone and intercom, outlets for central vacuum

OTHER PARAMETERS

The walls and exposed steel are painted with an epoxy paint to keep
particle generation to a minimum. The concrete floor has a
polyurethane coating.

24.2 RFlI SHIELDED ROOM

SIZE

18mL x 1Am W x 6m H (59" x 36' x 19.7")

WEST WALL FILTER BANK

1,982 m®/min (70,000 ft3/min) - horizontal flow

AIR VELOCITY

30m/min (100/min), minimum

TEMPERATURE

21+3 C(70x5 F)

RELATIVE HUMIDITY

48 *+ 4%

RF WAVEGUIDES

At entrance and exit

ENTRANCE (HARDWARE)

Double door: 5.6m W x 5.4m H (20.0' x 19.0)

CLEANLINESS

Class 10,000 (M5.5)

OTHER PARAMETERS

The walls and exposed steel are painted with an epoxy paint to keep
particle generation to a minimum. The concrete floor has a
polyurethane coating.
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243 MB C220 VIBRATION TEST CELL

SIZE

8.8m L x 8.2m W x 15.5m H (29' x 27" x 51')

CEILING FILTER BANK

1,416 m¥min (50,000 ft¥min) - vertica flow

AIR VELOCITY

19.8m/min (65/min), minimum

TEMPERATURE (NOMINAL)

21° C(70° F)

RELATIVE HUMIDITY

48 + 4%

PASS THROUGH WINDOW/DOOR

Basement level/Bldg. 10, first floor

PERSONNEL ENTRY

Basement level through NE corner

CLEANLINESS

Class 10,000 (M5.5)

OTHER SERVICES

electrical, telephone and intercom, compressed dry nitrogen, outlets for
central vacuum

OTHER PARAMETERS

The walls and exposed steel are painted with an epoxy paint to keep
particle generation to a minimum. The floor has a torginol seamless
quartz coating.

2.4.4 SPACE ENVIRONMENT SIMULATOR (SEYS)

VACUUM CHAMBER SIZE

8.2m (27') diameter x 12.2m H (40)

AIR FLOW 283m?¥min (10,000ft¥min)
TEMPERATURE (NOMINAL) |21° C(70° F)
RELATIVE HUMIDITY below 60%

ANTEROOM 76mL x 3.1mW (25 x 10"
AIR FLOW 28.3m%/min (1,000ft3/min)
EAST WALL Small parts passageway

NORTHWEST CORNER

Change room and air shower, basement level

CLEANLINESS

Class 10,000 (M5.5)

OTHER SERVICES

electrical, compressed dry nitrogen, outlets for central vacuum

OTHER NOTES

When the chamber door is open and the chamber clean air supply is on,
air flows out of the chamber, down the length of the anteroom, and out
through a louvered duct at the north end. When chamber door is closed,
asmall auxiliary blower/filter unit supplies filtered air into the anteroom.
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245 CLEANROOM TENTS

BUILDING 7 HIGH BAY (150 TENT)

SIZE 6. 1MW x 9.1m L x 47m H (20' x 30' x 15.4)
AIR FLOW 1,303 m3/min (46,000 ft3/min) - vertical flow
CLEANLINESS Class 10,000 (M5.5)

CRANE 227 Kg (500 Ib) hoist

AIR VELOCITY

30m/min (100/min)

ENTRANCE

6.1m W x 4.7m H (20" x 15.4") roll up curtain

TENT MATERIAL

anti-static polyethylene

TEMPERATURE/HUMIDITY

Building 7 HVAC
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BUILDING 10 HIGH BAY (BIG TOP TENT)

SIZE

11.3mW x 55m L x 53mH (37" x 18 x 17.5)

AIR FLOW

1,869 m*min (66,000 ft¥min) - horizontal flow

CLEANLINESS

Class 10,000 (M5.5)

AIR VELOCITY

30m/min (100/min)

ENTRANCE

55m W x 5.3m H (18' x 17.5") roll up curtain

TENT MATERIAL

305 micron (12 mil) PVC

TEMPERATURE/HUMIDITY

Building 10 HVAC

BUILDING 10 HIGH BAY CLEAN TENT
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246 SPECIAL PAYLOADSOPERATIONSAND TESTING (SPOT) CLEAN TENTS

DESCRIPTION: Therearefour (4) movable SPOT tentsthat may be used separately, or together,
toprovideintegration andtest areas. Thedown-flow tentshavewheelsattachedtotheir legsfor easy

positioning. Two of the four tents have crane access hatches in the ceiling for payload handling.

MODE OF OPERATION: Normally, the tents are monitored each week when in use, depending
ontheprotocol established by theuser. Thetentsarecleaned onan"asrequired” basis, and cleanroom

garments are supplied as required by the cleanliness specification and project activity level.

SPOT CLEAN TENTS

SIZE

6.1mL x49mW x 49m H (20" x 16' x 16")

AIR VELOCITY

27m/min (90/min)

CLEANLINESS

Class 100,000 (M6.5)

TEMPERATURE/HUMIDITY

Not controlled (subject to building's ambient conditions)

OTHER PARAMETERS

Wheels on al four legs, crane access hatch in ceiling on certain tents,
static dissipative tent material

SPOT CLEAN TENT
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24.7 PORTABLE DOWN FLOW TENTS

PORTABLE DOWN FLOW TENTS

SIZE 1.22mW x 2.44m L x 3.66m H (4' x 8 x 12
CLEANLINESS Class 10,000 (M5.5)

TEMPERATURE/HUMIDITY Not controlled (subject to building's ambient conditions)
SUPPORT Free standing (usually have wheels on all four legs)

Tents can be interlocked to form a2.44m W x 2.44m L (8' x 8) module.
They have side curtains of anti-static nylon, and ceiling-installed
fluorescent lights. Blower units are either integral in the ceiling or
stand-alone units on the floor.

OTHER NOTES

2.4.8 UNIDIRECTIONAL FLOW CLEAN BENCH

Several unidirectional flow clean benches are available. The working areas range from 1.22m (4')
wide, 0.61m (2') deep, and 0.61m (2) high, to 1.52m (5) wide, 0.91m (3') deep, and 0.91m (3') high.
The entire back wall of the clean bench is ahigh efficiency filter through which air passes at 30m/
min (100/min). The unit hasno air conditioning, but may containing lighting. These benches can
be maintained at an air cleanliness classification of class 100 (M3.5).

UNDIRECTIONAL FLOW CLEAN BENCH
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249 PORTABLE PARTICLE COUNTERS

There are four 0.028m3*min (1.0 ftmin) and two 0.0028m%/min (0.1 ft¥min) portable automatic
particle counters. The particle counters can be used for certifying cleanrooms and other cleanroom
devices.

2.4.10 PRESSURE, TEMPERATURE AND HUMIDITY MONITORING

Provisionshavebeen madeto monitor roomair pressure, temperature, and humidity inthe CIA, SCA,
RFI, and MB C220 vibration test cell. Each areais equipped with temperature and humidity chart
recordersand aMagnehelic differential pressuregauge. Thesearedirect readinginstrumentswhose
displays are monitored by viewing them near the front windows of the cleanrooms.

2411 CONTAMINATION MONITORING AND ANALYSISLAB

The Contamination Monitoring and AnalysisL aboratory islocated in the SSDIF Precision Cleaning
Room. The lab is equipped with microscopes and an image analysis system for qualitative and
guantitativeanalyses. A typical sampleistakentothelabinaclean container, thecontainer isopened
in the cleanroom, and the sample is placed under a microscope for a particulate count. When
identification of the particlesis required, the sampleis studied using the image analysis system or
the polarizing light microscope. Photographs may be taken and saved. After the contaminant has
been identified, it can be traced to its origin, and steps can be taken to eliminate the source.
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2.4.12 SPACECRAFT SYSTEMSDEVELOPMENT AND
INTEGRATION FACILITY (SSDIF), BUILDING 29

DESCRIPTION: TheSSDIFisa7,989 m? (86,000 ft?) facility designed to provide support for the
integration and testing of spacecraft hardware. It isuniquein the fact that it contains a 36,816m3
(1.3 millionft3) horizontal, unidirectional flow cleanroom. Additional featuresinclude: Automated
Data Processing Area, Shipping/Receiving Area, Flight Hardware Storage Area, and Precision
Cleaning facilities.

BUILDING 29 SSDIF OUTSIDE VIEW
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SSDIF HIGH BAY CLEANROOM

DESCRIPTION: The High Bay Cleanroom is a 1,161m? (12,500 ft?), class 1,000 (M4.5),
horizontal unidirectional flow cleanroom. It hasbeen designed to support theintegration and testing
of flight hardware and has the capacity to accommodate two full-sized shuttle payloads simulta-
neously. A cabletray provides data cable accessto the Automated Data Processing Room. Access
to the cleanroom isviaa 7.6m x 12.2m (25' x 40" overhead roll up door. Two 31,752Kg (35 ton)
cranes, with hook heights of 21.0m (69" and 24.4m (80'), provide lift and transport capabilities.
Materials of construction have been selected, and procedures designed, to minimize molecular and
particul ate contamination levels within this facility.

MODE OF OPERATION: A computer-based automatic control system monitors and controls
environmental parameterson a 24-hour basis. Only approved personnel and materials are allowed
to enter the cleanroom, and procedures are strictly enforced to maintain cleanliness of the facility.
On-site contamination control personnel provide cleanroom support servicessuch as. certification,
monitoring, facility cleaning, maintenance of the change room, and precision cleaning.

SIZE

38m L x 30m W x 27m H (125' x 100' x 89')

CLEANLINESS

Class 1,000 (M4.5) Automatic real time monitoring

AIR VELOCITY

30m/min (100/min), minimum

TEMPERATURE

18.31023.9° C(65t075 F)

RELATIVE HUMIDITY

48 + 4%

ENTRANCE (HARDWARE)

Roll up door: 7.6m W x 12.2m H (25' x 40"

NORTH WALL HEPA FILTER BANK

836m? (9,000 ft?) @ 25,488 m*/min (900,000 ft */min) -
horizontal flow

BONDED STORAGE

Two identical areas, one atop the other

CRANES: 2 ea of 31,752 Kg (35 ton)

Hook heights of 21.0m (69') and 24.4m (80"

OTHER SERVICES:

central vacuum cleaning system,
compressed air and nitrogen, intercoms,
telephones, video monitoring

Vacuum outlets near columns C-2, C-8, D7-8, E-2, F-4, F-6
(Other services located as required)
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SSDIF PRECISION CLEANING ROOM

DESCRIPTION: ThePrecision Cleaning Roomisa55m? (592 ft?), Class 1,000 (M4.5), horizontal,
unidirectional flow cleanroom. It was designed to supply precision cleaning servicesfor spacecraft
hardware and ground support equipment. Thisareacontainsthe necessary services, equipment, and
supplies, including a Quadrex Shear Stress Precision Cleaning System.

MODE OF OPERATION: The facility is staffed with trained precision cleaning personnel
providing avariety of cleaning services. Complete, detailed proceduresgovern al applications, and
QA personnel provideinspection capability for all cleaned parts. Accesstothefacility isrestricted,
and operations are supported by a 46m? (500 ft?) Pre-Cleaning Room.

SIZE 85mL x6.4mW x 3.0mH (28 x 21' x 10"

CLEANLINESS Class 1,000 (M4.5) Periodic monitoring

AIR VELOCITY 30m/min (100/min), minimum

TEMPERATURE 18310239 C(65t0 75 F)

RELATIVE HUMIDITY 40 to 50%

ENTRANCE (HARDWARE) tThvrvoou;.hS3m (6") double doors, one with airlock; also a pass-
HEPA FILTER BANK 26m? (280 ft?) @ 793 m3min (28,000 ft %min) - horizontal flow
OTHER SERVICES: Services are located as required - See facility layout drawings

central vacuum cleaning system, shear stress | for details.
precision cleaning system,

compressed nitrogen, video monitoring,
communication system
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3.0 FACILITY SUPPORT SERVICES
3.1 ELECTRICAL POWER
3.1.1 NORMAL HOUSE POWER

Normal house power in the Bldgs. 7, 10, 15, 29 complex consists of the following circuits:

Voltage (AC) Hz Phase Current (Amp)
120/208 60 1 up to 30 per outlet
2771480 60 3 up to 100 per outlet

Designated circuitsin Bldgs. 7 and 10 can be backed up by an emergency power source. It should
be noted that all transformersare Y connected with the center tap grounded. Instrument grounding
plates are available throughout the complex.

3.1.2 EMERGENCY POWER SYSTEMS

DESCRIPTION: Theemergency power systemsfor thetest facilitiesin Buildings 7 and 10 consist
of a250-KVA diesel generator and a500-KV A diesel generator, respectively. The generators and
their associated switchgear cabinets are permanently installed at each location.

MODE OF OPERATION: Each generator will start and transfer automatically to the building
supply when commercia power has been lost longer than 15 seconds. Dueto the limited capacity
of these units, normal procedure after a power failure is to initiate an orderly restart of selected
facilities up to the capacity of the emergency system. For a power outage, test conditions are
maintained for at least one hour by the emergency generator, or until commercial power has been
restored satisfactorily.

BLDG. 10 EMERGENCY GEN.
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3.2 HIGH PRESSURE GN, GENERATING AND STORAGE SYSTEMS
(FACILITIES 258 AND 263)

DESCRIPTION: There are separate high pressure GN, generating and storage systems for
Buildings7 and 10. TheBuilding 7 system iscomprised of aliquid pressurization pump, an ambient
air heat exchanger, and amanifolded rack of forged steel gasstorage bottles. TheBuilding 10 system
hasadual pump arrangement with asingleambient air heat exchanger. TheBuildings7 and 10GN,
storage systemsare connected, and both arefilled by the Building 10 GN, system, with the Building
7 GN, system serving as a hot backup.

MODE OF OPERATION: The high pressure pump increases the liquid pressure to 13.8Mpa
(2,000 psig). Theliquidisevaporated in the heat exchanger and transferred to the storage bottles
which are maintained at 14.1Mpa (2,045 psig) maximum. The gas is withdrawn for use in each
building after a two-stage pressure reduction to 2.4Mpa (350 psig) and 0.69Mpa (100 psig),
respectively.

PARAMETERS
GN, generation: 227 standard m®/hr (8,000 ft¥/hr) each pump
Storage capacities: Bldg. 7- 719 standard m® (25,400 ft°)

Bldg. 10 - 2,322 standard m® (82,000 ft%)

PHYSICAL CHARACTERISTICS

Building 7 Building 10
Pressurizing engine pump: 1 2
LN, storage dewar - 1,893 lit (500 gal): 1 1
Vaporizing heat exchanger: 1 1
Storage bottles: 3 25

BLDG 10 VAPORIZER BLDG 10 GN, STORAGE BOTTLES
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3.3 CRANE CAPACITIES

It is recommended that crane users conduct a site inspection to verify limit switch repeatability if
their job requires hook heights within a few inches of the limits shown below. For example,
gear-type limit switches may repeat within only a couple of inches on some cranes.

*TYPE (Except as otherwise noted, the cranes are bridge cranes.)
a- Variable hoist contral; b - Trolley crane (no bridge); ¢ - Hoist only (no trolley or
bridge); d- Dua trolley; e - Wooden traversing

Capacity Hook Height
Bldg/Crane No. L ocation *Type Kg/(Ton) m/(ft & in)

7.4 Rm 040, Vib Lab 6,804/(7.5) fjéf;.’;)goﬁm?
7-6 Rm 036, Vib Lab 6,804/(7.5) fﬁéfﬁ;)%oﬁﬁfgt
7-7 Rm 034, Vib Machine Shop b 227/(0.25) 4.6/(14'11")
7-8 Rm 032, Hydraulic Shaker b 1,814/(2) 4.5/(14'9")
7-9 Rm 026, Vib Lab b 1,814/(2) 4.4(14'6")
7-10 Rm 026, Vib Lab b 1,814/(2) 4.7/(15'5")
7-13 Truck Lock 9,072/(10) 10.6/(34'8")
7-14 Rm 190A, Integration b 1,814/(2) 4.3/(14'1")
7-15 Rm 190A, Integration b 1,814/(2) 4.2/(1311")
7-16 High Bay Lab 4,536/(5) 8.5(28))
7-17 High Bay Lab 4,536/(5) 8.5/(28)
7-18 SCA Clean Room a 4,536/(5) 8.3/(27'3")

13.1/(43'1") To Basement
7-19 CIA Clean Room a 6,804/(7.5) 8.6/(28'4") To 1st Floor
7-30 Acoustic Chamber 6,804/(7.5) 8.7/(28'7")
10-1 High Bay Lab a 13,608/(15) 20.1/(66")
15-2 High Bay Lab a 6,804/(75) | 11.9/(39'1")
15-3 HCC Rotunda (east) b 2,722/(3) 7.7/(25'3")
15-4 HCC Rotunda (west) b 6,804/(7.5) 7.9/(26"
155 Modal Test Facility a 907/(1) 6.7/(22)
15-6 Modal Test Facility a 454/(0.5) 5.8/(19"
157 Modal Test Facility d 454/(0.5) 4.9/(16"
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Capacity Hook Height
Bldg/Crane No. Location *Type Kg/(Ton) m/(ft & in)
29-1 High Bay Clean Room a 31,752/(35) 21/(69")
29-2 High Bay Clean Room a 31,752/(35) | 24.4/(80)
29-3 Rm 135, Ship/Receive a 31,752/(35) | 20.3/(66'9")
29-4 Rm 136, FIt Hdwe Staging a 31,752/(35) 20.2/(66'4")
29-5 Rm 150 a 4,536/(5) 7.6/(25)
303 30-8, Sml Coil | Central Coil Building e 1,089/(1.2) 7.6/(25")
305 30-1, Lge Coail | Inner Truck Lock b 2,722/(3) 4.2/(1310")
305 30-2, Lge Coil | South Side of Bldg c 2,268/(2.5) 6.7/(22)
305 30-3, Lge Cail | Coil Centerline c 2,268/(2.5) 5.8/(19)
305 30-4, Lge Coil | Outer Truck Lock b 2,268/(2.5) 5.8/(19)

MANUAL-TYPE HYDRASET ON CRANE
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34

HYDRASETS

Hydrasets are hydraulic, remotely-controlled lifting devices which are placed between the crane
hook and theload. They can position aload vertically inincrements of 0.025mm (0.001"). Eachis
proof-tested at 200% of therated load, and tested at 125% of payload, beforelifting flight hardware.

All are exercised monthly; thisisin addition to other routine testing and maintenance.

POSITIVE FLUID RETENTION SYSTEM, CONSOLE-OPERATED HYDRASETS

Rigging Length

Eye-to-Eye
Capacity Usable Range Stroke Min Max
Qty. Kg/(Ton) Kg/(Lb) cm/(inch) cm/(inch) cm/(inch)
1 | 907/(1.0) 181-726/(400-1,600) 15.2/(6.00) 65.4/(25.75) | 80.0/(31.50)
3 | 907/(10) 181-726/(400-1,600) 31.3/(12.32) |80.8/(31.81) |112.1/(44.13)
1 | 2,268/(2.5) 454-1,814/(1,000-4,000) 14.6/(5.75) 65.4/(25.75) | 80.0/(31.50)
3 | 2268/(2.5) 454-1,814/(1,000-4,000) 30.5/(12.00) 82.9/(32.63) | 113.4/(44.63)
4 | 4,536/(5) 907-3,629/(2,000-8,000) 30.5/(12.00) |83.2/(32.75) |113.7/(44.75)
2 | 9072/(10) 1,814-7,258/(4,000-16,000) 15.2/(6.00) 79.7/(31.38) | 94.9/(37.38)
4 |9,072/(10) 1,814-7,258/(4,000-16,000) 30.5/(12.00) 95.6/(37.63) | 126.1/(49.63)
1 |18,144/(20) 3,629-14,515/(8,000-32,000) 30.5/(12.00) | 109.2/(43.00) |139.7/(55.00)

MANUAL-TYPE HYDRASETS

2 | 454/05) 91-363/(200-800) 305/(12.00) | 56.5/(22.25) | 87.0/(34.25)
2 | 907/(1.0) 181-726/(400-1,600) 30.5/(12.00) | 65.4/(25.75) | 95.9/(37.75)
1 | 2.268/(2.5) 454-1,814/(1,000-4,000) 305/(12.00) | 65.4/(25.75) | 95.9/(37.75)
1 |4536/(5) 907-3,629/(2,000-8,000) 15.2/(6.00) 65.4/(25.75) | 80.6/(31.75)
1 | 4536/(5) 907-3,629/(2,000-8,000) 305/(12.00) | 65.4/(25.75) | 95.9/(37.75)
1 |9,072/(10) 1,814-7,258/(4,000-16,000) 305/(12.00) |83.2/(32.75) | 113.7/(44.75)
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35

LIFTING AND HANDLING DEVICES

The following hardware handling and personnel lifting devices are available:

Type Capacity Kg (Ib) Platform Size m/(ft) Lift Height m/(ft)
Fork Lifts
Clark 7,031/(15,500) 1.22 x 1.83/(4 x 6) 3.05/(10)
Yale 4,536/(10,000) 1.22 x 1.22/(4 x 4) 3.05/(10)
Clark 4,309/(9,500) @<152" H 1.22 x 1.22/(4 x 4) 7.62/(25)
3,402/(7,500) @>152" H
Schreck 1,814/(4,000) 0.91 x 0.79/(3 x 2.6) 4.72/(15.5)
Moto-Truc 1,361/(3,000) 0.91 x 0.79/(3 x 2.6) 3.35/(11)
EZ Lift (3 each) 680/(1,500) 0.69 x 0.63/(2.3 x 2.1) 1.65/(5.4)
Flat Bed Electric Truck 1,814/(4,000) 244 x 0.91/(8 x 3) 0.10/(0.33)
Tow Tractors
Clark 2,268/(5,000) N/A N/A
PettiBone 1,361/(3,000) N/A N/A
Raymond (2 each) 91/(200) N/A N/A
Lift Tables
Rol-Lift Pallet Jack (2 each) 2,495/(5,500) 1.22 x 0.69/(4 x 2.3) 0.15/(0.5)
Economy Lift Table (2 each) 454/(1,000) 0.91 x 0.61/(3 x 2) 0.31/(1)
Raymond Pallet Jack 454/(1,000) 1.22 x 0.69/(4 x 2.3) 0.15/(0.5)
Personnel Lifts

Upright 907/(2,000) 3.66 x 2.13/(12 X 7) 10.97/(36)
Mark 26 454/(1,000) 1.17 x 2.49/(3.8 x 8.2) 7.92/(26)
Mark 20 (2 each) 363/(800) 0.76 x 2.49/(2.5 x 8.2) 6.10/(20)
Upright 340/(750) 1.68 x 0.91/(5.5 x 3) 5.49/(18)
Upright Air-Deck 227/(500) 2.44 x 0.91/(8 x 3) 7.52/(24.7)
LG 227/(500) 0.91 x 0.61/(3 x 2) 13.7/(45)
Upright TL49 215/(475) 0.68 x 1.30/(2.25 x 4.25) 15.1/(49.5)
Balleymore 159/(350) 0.66 x 0.66/(2.2 x 2.2) 11.0/(36)
Upright 136/(300) 0.61 x 0.61/(2 x 2) 5.79/(19)

100




36 DOORWAY AND OTHER CLEARANCESFOR BUILDINGS 7, 10, 15, AND 29

These dimensions are presented to assist the test program coordinator in pretest planning efforts.
Note that building modifications and the addition of new building appurtenances may cause these
dimensions to change, or to obstruct the free movement of test items. For items which approach
clearance sizes, or for bulky, shuttle-size experiments, payload handling procedures should be
prepared based on a site visit.

Dimensions
Description L ocation meter/(ft & in)
Roll Up Door B7 SCA - North 5(2323/\/: 59977)'4
Roll Up Door B7 SCA - South 5(2ggv)>(( 59977)'_'
Roll Up Door B7 to B10 5&%.;\.';( f;g.;*
Roll Up Door B10 to B15 5(f;6WXX1%(i71|;
Roll Up Door B15 to Outside 7(22391\/1\/);62(2)77?
Roll Up Door B7 Truck Lock to Outside 4(%\2,\/: ;'458;_'
Roll Up Door B7 Truck Lock to B10 4'?186% 1231914)H
Roll Up Door B7 Truck Lock to Rm 190 (Integration Area) ?Efflvlv );‘Egg';
Roll Up Door B7 Corridor to Rm 190 (Integration Area) 3(?_?\1/\/: fslg)l_'
Roll Up Door SCA to CIA 3(?[72\1//\/2)( 3 'ﬁ.)H
Roll Up Door B29 Rm 130 Clean Rm to Rm 140 Ship/Receive 7'62(\2/;.);1%;9 H
Roll Up Door B29 Rm 140 FIt Hdwe Staging Areato B10 7'62(\2/;);143;9 H
Roll Up Door B29 Rm 160 FlIt Hdwe Staging to Outside S?ig/ngSlf) H
Roll Up Door B29 Rm 160 FIt Hdwe Staging to Rm 140 Ship/Receive 61(20\/\; Xlg,'gf; H
Roll Up Door B29 Rm 150 High Bay to Rm 140 Ship/Receive 7'6%2\2{: 256)2 H
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Dimensions

Description L ocation meter/(ft & in)

Roll Up Door B29 Rm 140 Ship/Receive to Outside 7'6%2\5’3\.’)’(‘ 2'56.3)2 H
Walkway Bridge over B7 - B10 Corridor 5?58% )i??i[éﬂ)H
Air Conditioning Duct Duct over B7 - B10 Corridor 5‘38\/\& Xlg.'gf) H
564 W x 5.46 H

Hinged Doors (2 each)

Large RFI to SCA

(186" x 17'11")

. . 493 W x 897 H
Hinged Doors (2 each) B7 Rm 036 & B7 Rm 040 (C220 Vib Cells) to B10 (162" x 29'5")
Hinged Doors (2 each) B7 Basement to B335 Vib Cell 2433WX 16580? H

Hinged Doors (2 each)

Acoustic Chamber to B10

455W x 10.31 H
(14'11" x 33'10")

. 731Wx 716 H
Hinged Doors (2 each) HCC Rotunda to B15 (24 x 236"

. 213Wx 221 H
Hinged Doors (2 each) Small RFI (7 x 73"

305Wx292L x229H

Elevator B7 Freight Elevator (10 x 97" X 76%
Elevator B7 Basement Floor to B7 Freight Elevator Floor Level 1'7?5}/1\/0.).( ><2§ZSLXX8286)4 H
Elevator B7 Personnel Elevator 1-17(;/}/13});934& i 3;)13 H
Floor Opening B10 near B7 Truck Lock 2-74( glvxxl:’(;-'()ﬁ L
Floor Opening B10 near SES Chamber 3'0?1\!)\-/ )>(< g(-)})o L
Floor Opening B7 near Freight Elevator 391 Wx513L

(12'10" x 16'10")
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3.7 AIRBEARING SUPPLY STATIONS

The house air system delivers compressed air at 621K pa (90psig) pressure with a maximum
volume of 2.83m3(100ft3)/mi n. Connections are viaa Hansen 2.54cm (1") quick disconnect and
are available at the following locations:

Building 7 Building 10 Building 29
1st Floor Locations 1st Floor Locations 1st Floor Locations
¢ SCA cleanroom, north wall e Column 16 EX » Cleanroom near column F-6
¢ 0.9m (3) east of column D7 RB [+ 4.6m (15) west of column 23 EX |+ High bay near column J-9
¢ Column D10 RB e Column 16J » High bay near Column D6-10
e Column D13

3.8 AIRBEARINGS

DESCRIPTION: Air bearings and matching jacks provide both mobility and vertica height
adjustment of theload. By bolting the air bearingsto an object and applying air pressure, the object
rideson acushion of air and iseasily moved and maneuvered. Thejacks, which are attached to the
air bearings, are needed to raise the load off the floor before air pressure is applied.

Quantity Size Capacity
4 41cm (16") diameter 907 Kg (2,000 Ib)
4 56cm (22") diameter 1,814 Kg (4,000 Ib)
4 71cm (28") diameter 2,722 Kg (6,000 Ib)
4 86cm (34") diameter 4,536 Kg (10,000 Ib)
4 30cm L x 30cm W (12" x 12") 907 Kg (2,000 Ib)
4 69cm L x 69cm W (27" x 27") 5,443 Kg (12,000 Ib)

AIR BEARING
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39 GN,PURGE OUTLETS

DESCRIPTION: Gaseous nitrogen is available for purge at various locations in the cleanrooms.
A GN,, supply can be installed for specia applications at any location in the Building 7/10/15/29
complex when defined by the experimenter in advance.

Maximum
L ocation Supply Line Ddivery Pressure Connection
SCA Cleanroom 0.95cm (3/8") 621K pa (90psig) 0.64cm (1/4™)
(4 locations) nominal Swagel ok fitting
CIA Cleanroom 0.95cm (3/8") 621K pa (90psig) 0.64cm (1/4™)
(2 locations) nominal Swagel ok fitting
SSDIF Cleanroom 1.3cm (1/2") 621K pa (90psig) 0.64cm (1/4™)
(6 locations) nominal Swagel ok fitting
SES Chamber 1.3cm (1/2") 621K pa (90psig) 0.64cm (1/4™)
(3 locations) nominal Swagel ok fitting
Acoustic Chamber 0.95cm (3/8") 621K pa (90psig) 0.64cm (1/4™)
(1 location, column 16K) nominal Swagel ok fitting
Vibration Cell, Rm 36 0.95cm (3/8") 621K pa (90psig) 0.64cm (1/4")
(1 location) nominal Swagel ok fitting
Vibration Cell, Rm 40 0.95cm (3/8") 621K pa (90psig) 0.64cm (1/4™)
(1 location) nominal Swagel ok fitting
Thermal Vacuum Varies 621K pa (90psig) Varies
Chambers, Bldg. 7 (All can be adapted to
(At each facility) /4" Swagelok fitting)

310 LN,FILL STATIONS

DESCRIPTION: LN, stations for dewar filling are provided in the locations shown:

Maximum
L ocation Supply Line Ddlivery Pressure Connection
Bldg. 7 Basement, 1.3cm (1/2") 172K pa (25psig) 1.3cm (1/2")
near column G-6 nominal American National fitting
West wall - Facility 255 1.3cm (1/2") 172K pa (25psig) 1.3cm (1/2")
LN, storage shed nominal American National fitting

104




3.11 LN, STORAGE VESSEL S

Large quantities of liquid nitrogen are maintained to provide cryogenic cooling of cryopumps, cold
fingers, diffusion pump cold traps and shrouds of the thermal vacuum chambersin Buildings 7 and
10, and as a supply for the high pressure gas generators. Also, small portable vessels can befilled
at the Building 7 facility.

3.11.1 BUILDING 7, 106K LITER (28K GAL) DEWAR (FACILITY 255)

DESCRIPTION: This double-walled, vacuum-jacketed storage vessel is comprised of two
concentric, horizontal cylinders. The outer shell, made of carbon steel, is18.3m (60') long by 3.7m
(12) indiameter. Theinner tank, fabricated from stainlesssteel, hasacapacity of 106K liters(28,000
galons) of LN, witha5,299liter (1,400 gallon) ullagevolume. Anambient temperaturevaporization
coil maintains atank pressure of 172Kpa (25psig). Valves are provided to control the filling and
withdrawal of the cryogenic fluid.

MODE OF OPERATION: Insulated plumbing conducts the cryogenic fluid to a distribution
manifold in Building 7, whereit is transferred as required to each chamber and withdrawal station
through insulated or vacuum-jacketed lines.

3.11.2 BUILDING 10, 242K LITER (64K GAL) DEWAR (FACILITY 257)

DESCRIPTION: Thisdouble-walled, vacuum-jacketed LN, dewar iscomprised of two concentric
spheressupported by tubular columns. The7.9m (26") diameter inner vessel isconstructed of welded
aluminum plates and the 8.5m (28") diameter outer casing is constructed of welded steel plate. The
inner tank has a capacity of 242K liters (64,000 gallons) with a 22.7K liter (6,000 gallon) ullage
volume. An ambient temperature vaporization coil provides a tank pressure of 172K pa (25psig).
Valves are provided to control the supply and withdrawal of LN..

MODE OF OPERATION: Insulated plumbing conductsthe cryogenicfluidtoadistribution panel

inthebasement of Building 10, whereit isdirected asrequired to the cryopumps, thethermal system,
and the shroud LN, recirculating system.
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MSC ENVIRONMENTAL TEST AND INTEGRATION USER'S GUIDE

1.0 I ntroduction

This User's Guide provides an introduction to the utilization of the Goddard Space Flight
Center (GSFC) Mechanical System Center (MSC) Environmental Test and Integration Facilities.
Included isabrief description of the organization along with the point of contact for those wishing
to have integration and testing work performed. Following this description is an overview of the
facilities and capabilities. Alsoincluded isalist of documents required to obtain integration and
testing services aswell as special considerations and suggestionsin order to make things easier for
users and ensure the best service possible.

2.0 Organizational Responsibilities

The MSC, Code 540, is responsible for management of the GSFC environmental test and
integration facilities located in Buildings 7, 10, 15, 29, and at the Magnetic Test Facility. Test
engineering and the operation and maintenance of thefacilitieswithin the M SCisthe responsibility
of the Environmental Test Engineering & Integration Branch, Code 549. Supporting Code 549 in
the administration of the testing workload, identifying the funding and personnel resource require-
ments, and developing the environmental test verification plans is the Environmental Project
Engineering Section, Code 549.1.

21  Organizational Contacts

In order to assist in the planning for, and expediting of, the item to be tested through the
facility complex, Figure 1 identifies the principal contacts. Thefirst point of contact should be the
Environmental Project Engineering Section. An Environmental Project Engineer is assigned for
each project to provide assistance in coordinating and expediting work through thefacilities. Other
facility contacts will provide assistance in determining specific engineering and facility resources
required to accomplish thetest program. The assigned Environmental Project Engineer isthe point
of contact in scheduling tests and ensuring that test requirements are achieved.

2.2 Environmental Project Engineering

The Environmental Project Engineering (EPE) Section provides mid-level and senior-level
engineers who develop an environmental verification plan to ensure that your test item has been
tested to the GSFC specification tailored to your flight project. EPE managers are involved
throughout the project life, and develop the verification plan, generate cost estimates and work
directives, and assistin coordinating thetest facility scheduling. EPE managerssupportin-houseand
out-of-house GSFC projects by serving on Source Evaluation Boards/Tech Panels, devel oping/
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Figure 1. Code 549 Contacts For Environmental Test and Integration

Environmental Test Engineering & Integration Branch (Code 549)

Environmental Project Engineering
Section Head (Code 549.1)

Bldg. 7-Rm. 157

(301) 286-0409

Structural/Dynamic Testing
Section Head (Code 549.2)
Bldg. 7-Rm. 165

(301) 286-6480

Electromagnetic Testing
Section Head (Code 549.3)
Bldg. 7-Rm. 155

(301) 286-6201

Space Simulation Testing
Section Head (Code 549.4)
Bldg. 7-Rm. 163

(301) 286-6058
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reviewing statements of work for request for proposals (RFP), and reviewing test plans and
procedures. Initial contacts for both GSFC supported programs and reimbursable projects (work
from other centers, DOD, etc.) should be established with this Section.

2.3  Environmental Test Engineering And Integration Branch

The Environmental Test Engineering & Integration Branch isresponsible for providing the
test personnel and facilities to accomplish the test program. The test facilities include thermal
vacuum chambers, vibration shakers, static and dynamic loading facilities, and electromagnetic
interference generators. The Branchisassisted by asupport contractor who operates and maintains
the facilities. The Branch also generates the detailed manpower estimates to perform the required
test, and assesses the availability of thefacilities. Any requirementsfor new or modified facilities
or expanded test capabilities should be addressed through this office. While undergoing thevarious
testsin thermal vacuum, vibro-acoustics or EMC, atest engineer for each areais assigned to assist
in test set up, instrumentation, and data analysis. The test engineer interacts with the project early
in the design and fabrication phaseto assist with test issues. A project provided test planisrequired
well in advance of any schedul ed tests so that special requirements may be met and atest procedure
can be prepared by the Branch.

3.0 Facilities Overview

The Environmental Test Engineering & Integration Branch maintains a full spectrum of
facilities needed for compl ete spacecraft and instrument mechanical integration and environmental
testing. When coupled with project and Code 549 expertise, the facilities provide the outstanding,
comprehensive capabilities required to execute a complete spacecraft integration and test (1&T)
program. All facilities except the Magnetic Test Facility are contained within the same building
complex (Buildings 7, 10, 15, and 29). The Magnetic Test Facility islocated off the main campus
to provide magnetic isolation and control. In summary, facilities are provided for thermal vacuum,
thermal balance, thermal vacuum bakeout, electromagnetic interference, magnetic, static load,
vibration, centrifuge, separation, shock, modal and deployment testing, and for mass properties
measurements, data analysis, and data collection. Other facilities important to the I& T process
contai ned within the complex are clean rooms, clean benches, cleaning facilities, optical alignment
and measurements, and spin balancing, along with areas for cable fabrication and thermal blanket
fabrication.

4.0 Engineering And Support Capabilities
4.1  Environmental Project And Test Engineering

The knowledge, skills, and experience of the personnel working in the organization provide
the essential technical link allowing the facilitiesto be used to conduct tests. Branch engineersare
assigned to work with specific projects early in the planning phase; and continuously through the
project execution cycleto facilitate advanced preparation and design of thetest series. Verification
engineering support is provided as requested to devel op a project specific Environmental Verifica
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tion Plan. Project engineers are encouraged to use this expertise early in project planning phasesto
best use test engineering contributions. Also, the personnel are capable of providing design
consultation to project engineersin specific disciplinesrelated to the major areas of environmental
testing: thermal/vacuum, structural, and el ectromagnetic.

4.2  Procedure Writing

Prior toany test being executed by Code 549, atest procedure must bewritten. Theprocedure
takesinformation made availablein thetest plan (written by the project) and addsfacility procedure
information. Code 549 personnel write these procedures using the test plan and direct interaction
with the project engineers for information. Generally speaking, the nature and complexity of the
procedures will vary significantly from one test to another and from one test item to another.

43  Off-Sitel& T Support

GSFC often manages spacecraft and instrument development programsthat are executed at
contractor sites. During the I& T phase of these programs, it is often advantageous for program
managers to draw upon experienced personnel to consult in these specialized areas. Code 549 has
available both civil servants and contractor personnel who are experienced in test support planning
and conducting spacecraft environmental test programs. Managersare encouraged to draw on these
resources during thisprogram phase. Support intermsof test plan and procedurereview, contractor
site inspection and review, test oversight, and post test data analysisis available.

44  Analysis

Expertise and tools are available to perform detailed design analyses to support both test
designandflight hardwaredesign. Intermsof testing, many of theseanalysesarerequiredfor proper
design of thetest, and of test support systemsincluding fixturing and custom facility modification.
Experienced analysts are available to support and perform thermal, structural, electromagnetic,
safety, modal, coupled loads, system’s safety, stress, finite element, and other types of analysis.
Project engineers are encouraged to use this base of expertise, abase which is specifically tailored
to analysis needed for test design.

45  Proofing

Most activity related to lifting, moving, supporting, rotating, or otherwise handling hard-
ware, flight or otherwise, requires support hardware that has been proof tested and analyzed for
strength and stability. The Environmental Test Engineering & Integration Branch maintains the
capability in-house to perform al testing and analysis required to satisfy NASA and Goddard
requirements for lifting and support equipment certification.
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4.6  Integration

Personnel experiencedinand fully capableof executing thefull spectrum of work needed for
spacecraft mechanical integration are available within Code 549. The difficult task of integrating
separate subsystems and structuresinto afunctioning mechanical system represents one of the most
challenging tasks faced by the spacecraft 1& T managers. Code 549 personnel provide the
experience, tools, and facilitiesto properly integrate the spacecraft and ensure correct alignment and
operation.

4.7  Design

The organization maintains the capability of designing all types of flight related hardware.
Experienced design and analysis personnel, coupled with modern facilities, provide the ability to
address a multitude of hardware design problems. These include flight hardware from small sub-
elementsthrough major subsystems; mechani cal ground support equi pment including handling gear,
turnover dollies, etc.; and environmental test facility related hardware including facility modifica-
tions and complex fixturing. A diverse group of analysis personnel provide support to the design
program to assure success and provide the documentation needed to certify flight systems.

4.8 WireHarness Manufacturing

Flight and GSE wire harness system design, fabrication, routing, andinstall ation capabilities
are provided through the Code 549 Cable Harness Facility. Full spacecraft harnessfabrication jobs
have been successfully executed by Code 549’ s experienced group of wiring personnel. Ground
support equipment, test support, and flight cabling work can be executed by this group.

4.9  Thermal Blanket Manufacturing

Thermal blanket design, fabrication, and installation capabilities are provided through the
Code 549 Thermal Blanket Facility. Experienced personnel, together with blanket fabrication
facilities, provide the capability for complete spacecraft blanketing. Spacecraft thermal blanket
closeout and launch site support can be provided.

5.0 Documentation Requirements

In order toinsurethat testing in Code 549 facilities proceeds as smoothly as possible, project
technical managers or the responsible MSC test personnel must prepare certain documentation.
These documents must be provided in atimely manner to ensure that required test preparations are
completed prior to thetest date. The approved verification planwill be used asthe basisfor the test
program.
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51 Test Plans

The cognizant project technical manager or component/subsystem/system lead engineer is
responsible for preparing the individual test plans. Each plan isnormally required 30 days before
testing for components and subsystems, and as much as six months before complicated tests such as
High Capacity Centrifuge loadstesting or system level thermal balance/thermal vacuum testing. At
aminimum, each test plan must be approved by the project manager (or representative), thetest item
lead engineer, the EPE, and the quality assurance representative. Each test plan will provide the
information necessary to develop the facility test procedure and identify special fixturing and/or
safety constraintsrequired. A sample outline of the test plan contentsislisted in Figure 2.

5.2 Test Procedures

Code 549 test personnel develop facility test procedures using project devel oped test plans.
A unique test procedure is written for each test, even if the test isarepeat of a previously run test.
Thetest procedurenormally contai nstheitem configuration, mounting detail s, instrumentationtypes
and locations, handling/safety considerations, and data acquisition/reduction requirements. The
project manager or lead engineer, EPE, Code 549 test engineer, facility engineer, and quality
assurance representative (as required by project) all sign approval of the test procedure.

53 Work Directives

A work directive (WD) provides the authorization for the test facility support contractor to
initiatework to preparefor and conduct thetest. A blank WD formisincluded asFigure3. The EPE
assigned to the project preparesthe WDs. Separate WDsareto be prepared for each test and arealso
to be prepared for alevel of activity such asintegration or clean room support. To avoid delaysin
performing the required tests, theinitial contact for all test requests should originate with the EPE.
The WD isgenerated from project requirements as stated in thetest plan. From these requirements,
the manpower and materials are estimated to complete the test. After project approval, the WD is
processed and thetest isinitiated. The project ischarged for thework performed on amonthly basis
until completed. Additional work not identified in the original WD must be authorized by the EPE,
and approved by the project prior to being conducted. The EPE maintains a weekly status of test
charges which are available upon request.

54  Supporting Analyses

Lifting - All critical flight hardware test items requiring a crane for lifting must be
accompanied by an approved lifting analysis. In addition, any non-flight hardware and GSE
requiring a crane may need an approved lifting analysisif thereisany risk to Code 549 facilities or
personnel. The project is responsible for performing this analysis and the appropriate Code 549
personnel shall verify it. The analysis applicability and content is defined in the following GSFC
documents: (1) Procedure for Approval of Project Related Lifting Equipment, dated November
1992; and (2) Analysis Procedure for Spreader Bar Lift Stability. These documents are available
from the Code 549 Branch Office.
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Figure 2. Suggested Test Plan Outline
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Figure 3. Work Directive Form (Front)
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Figure 3. Work Directive Form (Back)
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OHA/Safety - The project shall prepare an Operations Hazard Analysis (OHA) which
identifies the safety hazards involved in testing, and what measures will be taken to minimize risk
to personnel and hardware. The project shall perform the analysisfor thetest item. Also, the Code
549 test engineer shall perform an OHA for the facility and its effect on the test item. The degree
of complexity of the OHA depends on the size, weight, and cost of the test item, and may consist of
avisual analysis for ssimple components. Safety requirements are identified in the Mechanical
Systems Center Safety Manual, DOC #5405-048-98. This document will be provided by the EPE.

Handling - The project shall identify any special precautions needed during transport,
installation, and removal of the test item. This shal include sensitivity to contamination and
electrostatic discharge, and whether it contains radioactive or hazardous materials, high pressure
tanks, and/or explosive devices. These precautions shall be provided to the cognizant Code 549
personnel responsible for the test.

55  Test Reports

At the conclusion of each test, the Code 549 engineer will prepare areport that describesthe
as-tested configuration, test data, results, and conclusions. Aninitial report that includespreliminary
test data will generally be available within one week. The fina report will be available for
distribution within 30 days after compl etion of asimpletest, and up to 60 days after acomplex test.
One copy of the report will be supplied to the project lead technical engineer.

6.0 Funding Requirements

There must be funding availablefor all integration and test work beforeaWD can beissued
by Code549. Without theWD, work cannot begin. Itisimperativethat avalidfundedfiscal job order
number be in the GSFC Financial Management Division's computer in order to generate the WD.
This appliesto all GSFC projects, reimbursable work, and suballotments.

6.1  Planning For Integration And Testing

Code 549 generates an estimate for thework prior toissuingaWD. Thisestimateisonly as
good as the requirements provided. It isof utmost importance that the customer provide as much
detail as possible so an accurate cost estimate can be generated. Good planning is absolutely
necessary in order to keep the cost from escalating.
6.2  Fiscal Job Order Number (FJON)

Each WD requiresafunded FJON inthe GSFC Financial Management Division’scomputer

beforeit canbeissued. ThisFJON isal12-digit number withthelast two digitsbeing-69, designating
it for integration and test work. The number can be established only when 506 funding exists.
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6.3  Integration And Test Charge Backs

Thelabor, materials, and travel costsare charged back to the FJON onamonthly basis. This
isdocumentedintheFinancial Management Division Report ITT101A, and availablefromyour EPE
and the GSFC Project Resource Analyst. This report gives a detailed costing for each WD, and a
summary costing for each FJON. Additional cost reportsgenerated by the Code 549 support service
contractor, on aweekly basis, are also available from the EPEs.

6.4  Integration And Test Rates

Therates charged for technician and engineering support are established at the beginning of
each fiscal year and approved by the Director of Applied Engineering and Technology. Theserates
arefor the Code 549 support service labor only. Thereisno direct chargefor facility usage or civil
servicelabor for all GSFC, suballotments, and Government reimbursablework. Integration and test
work estimates are not fixed price estimates, and may change as requirements change. It isvery
important to provide all requirementswhen estimating & T costs, and to maintain schedulein order
to keep these costs from escalating.

7.0  Special Considerations

Customers of the Environmental Test Engineering & Integration Branch must be aware of
a number of considerations. The following paragraphs attempt to highlight the most important
issues. Inall cases, itishighly recommended that engineers and managers contact Code 549 Branch
personnel as early as possible before coming into the Branch for work. Prior planning isby far the
most important activity needed for efficient and effective 1& T tasks.

7.1 Material Selection

Ingeneral, the sel ection of materialscomprising GSE (and sometimes space-flight hardware)
ismost important for thermal vacuum testing. Cables, electrical connectors, fixtures, fasteners, and
other elementsthat comprise the “unit under test” play critical rolesdictating the success of the test
and thefinal test costs. Under all circumstances, materialsthat strongly outgas under vacuum must
be avoided. Failure to conform to these requirements can lengthen the test time, substantially
increaseits cost (dueto chamber time and post test cleanup); and under extreme cases, contaminate
the flight hardware. Please consult with Code 549 personnel well in advance of fabricating or
specifying these kinds of items. For reference purposes, NASA Reference Publication 1124 offers
outgassing datafor alarge number of commercial materials.

7.2 Lead Times
L ead timesrequired to support testing can besignificant. For example, athermal balancetest
requiring acomplex thermal fixture couldtake 6 monthsor longer to prepare. Strengthtestsof nearly

any complexity on flight hardware will take at least 3 months to prepare, and could take 6 months
to prepare in cases of complex actuator or High Capacity Centrifuge-based tests. In general, larger
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or more complicated test itemsrequirelonger preparation lead times. Failureto properly budget this
time, or failureto addressthese problemsearly will impact theprogram’ scost and schedule. Thebest
way to address these problemsis to consult with Code 549 engineers well in advance of your test
requirement dates.

7.3  Test Environment Accuracy

Users of the test facility should be aware of certain issues when planning, designing, and
executing environmental testing. One issue is accuracy. Each test environment has allowable
accuracy and variancetolerances. Some of thesetol erancescan bequitelarge. For example, random
vibration spectrum input generally has allowabl e tolerance bands of + 3dB. Effectively, the actual
level at agiven spectrum point isallowed to be half or doublewhat is specified, asubstantially large
variance. Another issue is generation of unwanted environments coincident with the desired
environment. For example, vibration shakers generate stray electromagnetic fields and cross-axis
vibration. Each environmental test will haveadifferent set of issues. Theuser must understand these
issues so proper test planning and protection of vulnerable hardware can be assured, while enabling
improved interpretation of test resultsand test data. Direct contact with thefacility engineersearly
in the planning process will help assure quality test products.

7.4 Schedules

TheBranchworksanormal 8-hour work day. Anexceptionisthethermal vacuumtest group
that supportstest chamber control on a 24-hour, 7-day per week basis. However, activities related
to setting up a thermal vacuum test still must be accomplished during normal work hours. If
requested, overtime and multi-shift work can be supported for a short, high priority task. The
customer needs to be aware, however, that overtime work will cost the project increased hourly
charges. Also, extended overtimerequirementswill bedifficult to support dueto constraintsontotal
amounts of overtime allowable, and due to personnel constraints. Requests for overtime support
must be made in advance of the requirement. Normally, two day’ s notice is sufficient for planning
purposes.

7.5  Facility Access

Facilitiesusedinthel & T processaregenerally not reservedinadvancefor aparticul ar project
item. Experience shows that hardware schedules are so changeable that test schedules made in
advance are usualy unreliable. With other projectsvying for the samefacility, it makeslittle sense
to “hold” a facility when schedules dlip. Instead, the Branch uses the first-come, first-served
philosophy which has been shown to work well over the long term. On acase by case basi's, other
arrangementsare possi ble; managersshould beawarethat costsusually increasewhen theserequests
arefulfilled.

Thetest and integration facilities and the related personnel are usually quite busy. It isnot
unusual to have scheduling conflicts between competing projects. Resolution of these conflictsis
normally handled locally between facility engineers and managers, lead project engineers, and the
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assigned EPE. Normally, thereisahierarchy of conditions that will dictate the resolution: launch
date, tests in progress, relative project flexibilities, budgets, and test complexity and detailed
requirements normally play the most important roles. Under rare conditions, resolution of the
conflict will be handled by higher level managers within Code 500 and the project.

7.6 Contamination

Projectsmust inform Branch engineersconcerning requirementsfor prevention of molecul ar
and particul ate contamination so that appropriate handling and storage precautions can be planned.
Inappropriate specifications of contamination needs could result in increased costs and schedules
or damaged hardware. If you specify requirementsless stringent than what is needed, your payload
risks contamination. On the other hand, if more stringent requirements are specified than actually
required, 1&T costs will increase unnecessarily and the schedule will be extended. It is strongly
suggested that project engineers properly understand their contamination requirements and clearly
communicate those requirements to Branch engineers. The Branch will generate the necessary
implementation plans and budgets for specific projects when requested.

Another issue of contamination is related to facility contamination. Through the use of
improper materials, project hardware could well contaminate the test facility (i.e., thermal vacuum
chambers). Under circumstances of gross contamination, the project will pay to have the facility
cleaned to minimum standards.

Minimum levels of cleanliness must be maintained for all hardware whilein aclean room.
This means that project hardware must be compatible with other hardware coexisting in the clean
room even if specific project requirementsdon’t dictateit. Thismay be acost item for the project.

In al cases, early and continuous communication with Code 549 personnel will help to
aleviate any problems associated with these issues.

7.7  Safety

Safety isaways of paramount interest to Code 549. Protection of people, flight hardware,
andfacilities(inthat priority) takesprecedenceover all other requirements. Consequently, Code 549
management must be convinced that all potentially hazardousactivitiesare being properly executed,
and proper protection is being implemented. Any time a potentially hazardous activity is planned,
project personnel are strongly advised to talk with Branch personnel early so that areliable safety
assessment canbemade. Without proper planning and precautions, theactivity will not besupported.

In order to assess any safety issue, the Branch may require an in-house analysis of the
condition. Theprojectisresponsiblefor providing fundsto do this. Examplesof issuesof particular
concern are: hazardous gasses and liquids (such as ammonia, chlorine, and caustics), radioactive
materials, flammable materials, stored energy intheformsof spinning masses, pressurized systems,
sprung systems, batteries, and chemicals (explosives). Unusual handling or lifting requirementsare
also of concern. Stability, controllability, and strength of the lifting system must be analyzed.
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7.7.1 Safety Manual

The Mechanical Systems Center publishes a Safety Manual which discusses some of these
issuesin greater detail. Project engineersworking in the facility complex are encouraged to obtain
acopy and read and understand it.

7.7.2 Risk Assessments

When deemed appropriate by the Branch head or Branch engineer, Code 549 will perform
adetailedrisk assessment study prior to executing an activity inquestion. Theassessment will define
specificrisks, estimate likelihood of therisk, and describethelikely result of therisk. Aspart of the
study, the Branch will make recommendations on how to reduce the risk, or eliminate the adverse
outcome of the risky event.

7.7.3 Safety Procedures

Under certain conditions, a safety procedure must be written to address the activity needed
toaleviateaspecificrisk. Code 549, in conjunctionwith Code 205 and project personnel, will write
the safety procedure. Code 205, Code 549, a project representative, and others if circumstances
dictate, will approve the procedure.

7.8 Cost Drivers

There are certain issues which, if not properly handled, serve to increase customer costs.
These cost drivers are described briefly below.

7.8.1 Early Involvement

In general, the best way to assure minimum cost isto bring Code 549 personnel on board as
early as possible. Having a Branch representative work with the project early provides severa
important benefits. Early understanding of project requirements will alow timely and efficient
preparation for future activities. Last minute preparation tends to increase overall costs through
overtime and less than optimal support systems design. Branch personnel can educate project
personnel regardingissuesand limitationsimportant to thespecificl& T process. Such education can
help prevent unnecessary purchases, influence how a test or activity is designed, and assist in
specifying the proper level of requirements.

7.8.2 Contamination Requirements
Strict contamination requirements will certainly increase costs. Specia handling proce-
dures, special materials, clean room use, repeated cleaning, and stringent vacuum chamber cleanli-

ness requirements all serve to increase costs. Projects should ensure that the appropriate level of
contamination avoidance is specified for their program.
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7.8.3 Facility Modifications

Costswill increase any time modifications to afacility are needed to accomplish a specific
activity. Here again, early involvement of Branch personnel is advantageous to assess facility
limitations and devel op possi bl e plan-arounds, which might preclude the need for facility modifica-
tions.

7.8.4 Extensive Overtime

Lateand slipped schedulesareusually madeupinthelatel & T phase. Often, insufficienttime
isavailabletoefficiently executean activity. Whenthishappens, theonly recourseisto useovertime.
Extensive overtime will quickly drive up costs. Projects are advised to allocate sufficient time for
the 1&T phase to alow the work to occur during normal hours. Early planning and Branch
involvement can help alleviate this problem.

7.8.5 Bakeout Criteria

Flight hardwarefor payl oadssensitiveto mol ecul ar contamination requirebakeouts. Bakeouts
can bethe largest expense item of an environmental test program. It is strongly recommended that
project engineerscarefully sel ect the bakeout requirements. Overly stringent requirementsare clear
cost drivers. Proper planning of the bakeout sequence can a so reducecosts. For example, if allowed
by schedul e and technical constraints, combining hardwarefor bakeoutswill certainly reduce costs.

7.8.6 Instrumentation

In general, numerous channels of response instrumentation will drive up costs. Costs of
providing, calibrating, applying, wiring, and removing the sensors, coupled with those of acquiring,
analyzing, and reporting the datawill increase costs. Projects should acquireall the datathey need,
but make sure they need al the datathey acquire.

7.8.7 Functional Tests

Functional checks during and between tests are standard practice. However, when these
checksareexceedingly long, or occur very frequently, or require partial or compl ete disassembly of
thetest setup, costswill bedriven up. Project should ensure that the functional checks specified are
the minimum reasonably useful.

7.9 HardwareHandling
TheBranchin-house guidelinesrequirethat only Code 549 personnel shall operatetheM SC
cranes. Further, acertified hydraset operator must useanin-linehydraset for all liftsinvolving flight

hardware. Advanced planningisrequiredto avoid having peoplestand around whilethe appropriate
equipment and operators are obtai ned.

A-19



MSC ENVIRONMENTAL TEST AND INTEGRATION USER'S GUIDE
7.10 Ground Support Equipment

Extensive ground support equipment will dictate involvement of Code 549 personnel in
planning its placement. Project personnel should always be aware that, generally, they are not the
only project using thefacility. They may berequired to take some specific action, or agreeto certain
limitations so that work for other projects can proceed.

7.11 Storm Codes

A system of weather codes has been established and isfollowed inthefacility complex. The
system is designed to warn project personnel and facility operators of specific hazardous weather
conditions which might adversely affect facility operations. The system is set up to protect critical
hardware and, to alesser extent, personnel. Theconcern expressed by these codesisthat suddenand
unexpected power outages, power fluctuations, and power transientscould occur. Such occurrences
could generate undesirabl e conditions such asvibration transients, strand apayl oad on acrane hook,
or cause a vacuum chamber to go down. Under the worst code, code three, in-house regulations
dictate that certain operations be stopped. The Code 549 Branch head and a project representative
must sign aformal waiver before operations can proceed during code three conditions. Each kind
of operation (lifting, vibration, load tests, etc.) will have different procedures and restrictions
regarding the storm codes.

7.12 Proof tests

All lifting hardware and critical hardware fixtures must be proof tested prior to being used
for flight hardware. In addition to proof test requirements, the Branch requiresthat any critical lift
be analyzed for lift stability. Project engineers or Code 549 can perform this analysis. Branch
personnel aregenerally aware of theserequirementsand will hel p guide project personnel thoughthe
requirements maze.

8.0  Facility Upgrade Requirements

Occasionally aspecific project test or integration requirement cannot be met by the current
facilities. In general, because of some project-specific characteristic or requirement such as size,
weight, special handling, test level requirement, accuracy, or datarequirement, amodification to a
facility or multiple facilities is required. In instances such as this, early planning and Branch
personnel involvement is critical to successful and efficient execution of the activity.

9.0  Security And Building Access

AccesstotheBuilding 7/10/15/29 compl ex isrestricted after normal working hoursby aKey
Card door lock system. Key Cards are issued by the Goddard Security Branch. Requests for Key
CardsaremadewithaKey Card request form. Theformissigned by the building complex Facilities
Operations Manager (FOM) and by the Code 500 Security Coordinator. All personnel needing
access to the complex for after hours test support must obtain aKey Card. For external personnel

A-20



MSC ENVIRONMENTAL TEST AND INTEGRATION USER'S GUIDE

(GSFCVisitors), temporary Key Cardswith given expiration dateswill beissued. Please coordinate
with the EPE in advance of your work to ensure proper access.

10.0 Customer Feedback
Suggestions concerning the improvement in the quality of the support from the M SC during
the test program is important. At the conclusion of each test activity, an evaluation sheet will be

provided by the Code 549 test engineer for your comments. Itisrequested that these comment sheets
be completed prior to your departure.
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APPENDIX - B: ABBREVIATIONS, ACRONYMSAND SYMBOLS

ABBREV

SYMBOL TRANSLATION

" inch
foot

< less than

> greater than

% percentage

V1 micro

A angstrom

A ampere

AC alternating current

A/C air conditioning

amp ampere

AN American National

ANS| American National Standards
Institute

B or Bldg building

°’C degrees Celsius

CCTV closed circuit television

CIF cold finger

CFM or cfm cubic feet per minute

CG center of gravity

CIA Calibration-Integration-
Alignment

cm centimeter

col column

CRT cathode ray tube

D diameter

dB decibel

DC direct current

DEC Digital Equipment Corporation

dia diameter

dim dimension

ea each

EMC electromagnetic compatibility

EMI electromagnetic interference

°F degrees Fahrenheit

FM frequency modulation

fpm feet per minute

FRF frequency response function

ft foot or feet

g gram

ABBREV

SYMBOL TRANSLATION

g unit of acceleration

ga galon

GN, gaseous nitrogen

GSFC Goddard Space Flight Center

H height

HCC High Capacity Centrifuge

Hdwe hardware

HEPA high efficiency particulate air

HgXe mercury xenon

Hp horsepower

HP Hewlett-Packard

Hr or hr hour

HST Hubble Space Telescope

HVAC heating, ventilation, and
air conditioning

Hz Hertz (cycles per second)

F instrument interface flange

Inorin inch

ITD Instrument Test Dewar

IVS instrument vacuum space

JSC Johnson Space Center

°K degrees Kelvin

KB kilobyte

Kg kilogram

Kpa kilopascal

KSC Kennedy Space Center

KVA kilovolt ampere

KW or Kw  kilowatt

Lorl liter

L length (depth)

Lborlb pound

LHe liquid helium

lit/sec liter per second

LN, liquid nitrogen

LVDT linear variable differential
transformer

M orm meter

MAP Microwave Anisotropy Probe

max maximum

MB megabyte
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ABBREV

SYMBOL TRANSLATION

MB C220 MB C220 vibration exciter

MicroVAX  DEC computer

MIL STD Military Standard

min minute

Mitoc communications system

MLI multi-layer insulation

mm millimeter

MOI moment of inertia

MPMF Mass Property Measurement
Facility

mV millivolt

NA or N/A  not applicable

NASA National Aeronautics and
Space Administration

NASTRAN finite element modeling
program

NIST National Institute of Standards
and Technology

nom nominal

NS NSI Technology Services, Inc.

nT nanotesla

OASPL overall sound pressure level

ohm unit of resistance

0z ounce

pa pascal

PC persona computer

PCM pulse code modulation

pH measure of acidity

P/IL payload

PLC programmable logic controller

POI product of inertia

PRT platinum resistance
thermometer

PSD power spectral density

psi pounds per square inch

psig pounds per square inch gauge

PVC poly vinyl chloride

QCM guartz crystal microbalance

rad radian

rad/sec radians per second

ABBREV

SYMBOL TRANSLATION

RF radio frequency

RFI radio frequency interference

RGA residual gas analyzer

RH relative humidity

RM or Rm  room

RMSorrms root-mean-squared

Rolm GSFC telephone system

RPD rapid pump down

RPM or rpm revolutions per minute

RPSorrps  revolutions per second

RTV room temperature vul canizer

SC solar constant

SCA Spacecraft Checkout Area

scfm standard cubic feet per minute

SES Space Environment Simulator

SMTF Spacecraft Magnetic Test
Facility

SPL sound pressure level

q square

SSDIF Spacecraft Systems
Development &
Integration Facility

STS Spacecraft Transportation
System

t thickness

T teda

TIC thermocouple

temp temperature

torr 1/760 of a standard atmosphere

TQCM thermoel ectric quartz
crystal microbalance

ubD Unholtz-Dickie

uv ultraviolet

\ volt

VA volt ampere

Vac vacuum

vol volume

W or w watt

w width




APPENDIX - C: METRIC/ENGLISH CONVERSION FACTORS

METRIC TO ENGLISH UNITS ENGLISH TO METRIC UNITS

Convert From: To: Multiply By: Convert From: To: Multiply By:
amp/centimeter? amp/inch? 6.45 amp/inch? amp/centimeter? 0.155
amp/decimeter? amp/foot? 9.09 amp/foot? amp/decimeter? 0.11
Celsius Fahrenheit [Cx (9/5)] + 32 Fahrenheit Celsius [F-32] x (5/9)
centimeter inch 0.3937 inch centimeter 254
centimeter? inch? 0.155 inch? centimeter? 6.452
centimeter?/liter foot?/gallon 0.0041 foot?gallon centimeter?/liter 245
gram ounce 0.0353 ounce gram 28.329
gram pound 0.0022 pound gram 453.6
gram/centimeter? | ounce/inch? 0.228 ouncelinch? gram/centimeter? | 4.39
gram/liter ounce/gallon 0.133 ounce/gallon gram/liter 75
gram/liter troy ounce/gallon | 0.125 troy ounce/gallon | gram/liter 8
kilogram pound 2.205 pound kilogram 0.4536
kilogram ton 0.0011 ton kilogram 907.2
liter galon 0.2642 galon liter 3.785
meter inch 39.37 inch meter 0.0254
meter foot 3.281 foot meter 0.3048
meter? foot? 10.76 foot? meter? 0.0929
meter® foot® 35.31 foot® meter® 0.02832
meter?/liter foot?/gallon 40.82 foot?/gallon meter?/liter 0.0245
micron microinch 394 microinch micron 0.0254
micron inch 0.0000394 inch micron 25400
micron mil 0.0394 mil micron 254
millimeter inch 0.0394 inch millimeter 254
newton pound (force) 0.225 pound (force) newton 4.45
newton-meter inch-pound (force) | 8.85 inch-pound (force) | newton-meter 0.113
newton-meter foot-pound (force) | 0.7376 foot-pound (force) | newton-meter 1.356
pascal pound/inch? (psi) | 0.000145 pound/inch? (psi) | pascal 6895
pascal torr 0.0075 torr pascal 133.32
watt horsepower 0.00134 horsepower watt 745.7




APPENDIX - D: DECIMAL PREFIXES

Prefix Symbol Factor
atto a 108
femto f 105
pico p 1012
nano n 10°
micro VI 10°
milli m 103
centi c 102
deci d 10?
deka da 10t
hecto h 102
kilo K 108
mega M 10°
giga G 10°
tera T 10%?
peta P 10
exa E 10
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